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SECTION 19 
LOGIC CIRCUITS 
PART A. ELECTRON-TUBE CIRCUITS 
Part A of this section is reserved for electron 
tube logic circuits, which may be inclided in later 


revision of the Handbook. No electron tube circuits 
are discussed in this issue. 
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ELECTRONIC CIRCUITS 
PART B. SEMICONDUCTOR CIRCUITS 


LOGIC POLARITY. 

Computer logic is expressed by a form of two-value 
logic which is easily adaptable to the binary number 
system. Thus computer elements (circuits) have only 
two states, such as: the conduction or nonconduction 
of a circuit, the presence or absence af a hole ons 
card or paper, or the presence or absence of a magnetic 
field. The use of two-value logic also means that, 
basically, these states may assume a value of either 
Oor 1. (While true or false could also be used, the 
numeric values lend themselves readily to computations 
and algebraic manipulations.) 

ttico! circuit, ary two distinct valtayes 
or Currents can be used te represent the two logic 
states of Oand 1. example, 2 negative voltage 
could indicate O and 9 positive veltage could indicate 
i, of vice versa. Likewise, current flow into the 
circuit could indicate 0, and current flow out of the 
circuit could’ indicate 1. Similar results could be 
obtained with amplitude control, using small and large 
voltages or currents. Pulses could also be used ina 
like fashion, with a negative pulse indicating 0 and 
a positive pulse } or G could be indicated 


by the absence of a pulse, in: 


icating | 


he presence 
of a pulse could signify 1. Many combinations of logic 
expressions are possible; they can also be used inter- 
changeably, since each logic element (circuit) of oper- 
ating entity can actually function independently as 
lung as the desired result 1s achieved. Mixed logic 
systems sre not used in large computers, however, 
since this oractice would cau 
plications. Most present-day logic 
polarity tc define the circuit state, since positive 
and negative voltages are easily obtained ond manipu- 
lated, reqardless of whether the actual logic clement 
(circuit) employs relays, swituies, diodes, or tran- 
sistors. Logic circuits can be divided into two gen- 
eral classes, according to polarity, namely positive 
and negative logic. As employed on logic diagrams, a 
signal may assume either the ‘‘active (or true)!’ state 
(logic 1), of the ‘‘inactive (or false)’’ state (logic 0). 
The electrical signcl levels usec and a statement con- 
cerning whether positive or neaative loqic aoplies are 
uavally specified paige on nO in 


higeriiegeit 


tive to sroun: 


versa. Ab 
or polarity is presente: 
Each of the legic circuit 


tion will 
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involving only switches and relays will be covered 
under ‘/Mechanical Circuits’’, Part C of this section. 


POSITIVE LOGIC. 
APPLICATION. 


Positive logic nolarity is wv 


the use of NPN type transis 


i 


oi 


CHARACTERISTICS. 
The input activates the logic element only when it 
is of positive polarity. 
The output of the logic element is also of positive 
po: ola: rity (except wher it i s purposely inverted}. 
may be froin a ldgh positive tu a iow posi> 
tive naltaaed or current, or positive against ground 
(the high positive voitage or current usually activates 
the circuit). 


CIRCUIT OPERATION. 

Positive locic polarity is defined as follows: hen 
the logic 1 state has relatively more positive elec- 
trical level than the logic @ state, and the circuit 
is activeted (operated) by the logic | signal, the 
logic polerity is considered to be positive. The fo)- 
lowing typical examples illustrate the manner in which 
positive logic may be employed. 

Example 1: Logic ] = +10 volts 
Logic D= OQ volts 
Exemple 2: Bore 1 = CO volts 
ozic 2 = -10 volts 
In both examples the logic 1 state is always more posi- 
tive the logic 5 state, even though in examgle 2 
the logic 0 state is negative. The previous statements 
and definitions are particularly appropriate for d-c 
switching circuits, but also apply to a-c circuits as 
Por example, ¢ positive pulse can be used to 
simulate ¢ positive voltage, and a negative pulse can 
be used to simulate a neaative voltage. However, such 
complexity is unnecessary, since the absence of a pulse 
can signify the logic 0 state and the origina! defini- 
tion of positive polarity will still apply. That is, 
tne logic | state is mere positive than the no signal 
(or logic 0) state. 


4 


required te reverse-bias the NI PN + 


.¢ transistor produces either a 


nositive output voltage. Thus hy usi 


Sister, Cheriton 


a fully transistorized sositively 


, thetehy elis ‘aan inter: 


cuupiting Car 
tion affacte 
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circuits easier and simpler, so that normally positive 
logic is associated with NPN transistors, while nega- 
tive logic is associated with PNP transistors. At 
present, however, it is unimportant which type of 
logic polarity (positive or negative) is used, since 
logic components and circuits are available for all 
types. In fact, by using a form of mnemonic (sym- 
bolic) notation, such as H for the high or active 

state (1), and L for the low or inactive state (0), 
logic design may be completed and circuitry devised 
without concern for the polarity or levels used. 

Once the logic design is completed, standard circuits 
of the proper type and polarity for the components and 
Jevel to be used are selected, and the unit is constructed. 


FAILURE ANALYSIS, 

Since positive logic polarity involves the operation 
of circuits by means of a more positive voltage or 
signal, it is evident that under normal operation such 
circuits would be activated by a positive signal and 
would produce a positive output. However, while the 
previous statement is generallytrue, it may not apply 
to a particular circuit because of special design con- 
siderations. Reference should be made to the proper 
logic circuit (schematic) and flow diagrams to deter- 
mine the polarity and levels that activate the suspected 
circuit. 


NEGATIVE LOGIC, 
APPLICATION, 


Negative logic polarity is usually more adaptable to 
the use of PNP type transistors. 


CHARACTERISTICS. 
The input activates the logic element only when it 
is of negative polarity. 
The output of the logic element is also of negative 
polarity (except when it is purposely inverted). 
Operation may be from a high negative to a low nega- 
tive voltage or current, or negative against ground 
{the high negative voltage or current usually acti- 
vates the circuit). 


CIRCUIT OPERATION. 

Negative logic polarity is defined as follows: when 
the logic 1 state has relatively more negative elec- 
trical level than the logic 0 state, and the circuit 
is activated (operated) by the logic 1 signal, the 
logic polarity is considered to be negative. The fol- 
lowing typical exaniples illustrate the manner in which 
negative logic can be employed. 

Example 1: Logicl= 0 volts 
Logic 0 = +10 volts 
Example 2: Logic 1 = -10 volts 
Logic O= 0 volts 

In both examples the logic 1 state is always more 

negative than the logic 0 state, even though in example 
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1 both states are in the positive region. While the 
above definitions of logic polarity are particularly 
applicable for d-c switching circuits, they also apply 
to a-c circuits as well. For example, a negative 
pulse can be used to simulate a negative voltage, and 
a positive pulse can be used to simulate a positive 
voltage. Such complexity is unnecessary, however, 
since the absence of a pulse can be assumed to indi- 
cate the logic 0 state. Thus only a negative pulse is 
necessary, and the above definitions will still apply. 

As normally used, negative logic is more adaptable 
to PNP type transistors because of the PNP polarity 
teauirements, Since a negative collector voltage is 
required to teverse-bias the PNP transistor, operation 
of the transistor produces either a low or a high nega- 
tive output voltage. By using direct coupling, a 
completely negatively polarized d-c system can be 
developed, and interstage coupling capacitors can be 
eliminated. Thus, besides the saving of the cost of a 
component, waveform distortion due to phase shift 
through the coupling capacitor can be minimized. 
Operation may also be speeded up, since it is no 
longer necessary to wait for the charge and discharge 
of the capacitor. Direct-coupled transistor logic 
(DCTL) circuits are discussed later in this section. 
Negotive logic is not limited to PNP transistors, 
since the common emitter configuration (in an a-c 
coupled circuit) can invert the polarity of the input 
signal and provide a negative output from an NPN tran- 
sistor. The use of PNP transistors merely makes the 
design of d-c negative logic circuits easier and sim- 
pler, so that negative logic is normally associated 
with PNP transistors, while positive logic is asso- 
ciated with NPN transistors. Since logic circuits and 
components are available for all types of polarity, 
there is no particular reason why negative logic 
should be used in preference to positive logic. In 
fact, for design reasons some special computers use 
both (mixed) positive and negative polarity. The 
usual practice is to design the logic without regard 
to polarity or levels. Once designed, the proper type 
of polarity and levels for the standard logic circuit 
and components to be used is selected, and the unit is 
constructed, 


FAILURE ANALYSIS. 

Since negative logic polarity involves the operation 
of circuits by means of a more negative voltage or 
signal, it can be reasoned that under normal operation 
the logic circuit must be activated by a negative 
signal and that the output must also be negative. 
However, since special design considerations some- 
times negate this reasoning, it is necessary to 
tefer to the schematic and flow diagrams to deter- 
mine the actual polarity and levels which activate 
the suspected circuit. 
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DIODE LOGIC. 


sic logic circuits utilizing 

iode as the operating element. Functionally, logic cir- 
ts are broken down inte simple basic circuits such as 

the SOR gate, and the AND qate, which have their counter- 


puits for each type of logic. Thus transistor logic also hes 
its OR gate and AND gate, plus additional circuits such cs 
the NOR gate and NAND gate. Combinations of these basic 
circuit building blocks, in turn, form additional but more 
complex configurations, For example, a combination of AND 
ond OR circuits forms a haif-adder, und two half-adders 

@ full-adder Of edder. Thus the } logic blocks are ar- 
1 tO perform the desir ed CUrcuit funciiuns ul the ital 
computer design. In addition to diode and transistor logic, 
other forms of logic utilizing diodes or transistors are en- 
countered. For exemple, where only d-c is involved, direct- 
coupled transistor iogic (UCTL) 1s usuciiy empioyed to 
avoid losses in coupling circuits, ‘where a-c pulses are 
employed resistor-transistor logic circuits (RTL) or resist- 
ance~capacitance transister logic (RCTL) are usualiy used 
(this is similar to the resistance coupling used in audio 
amplifiers), Therefore, each basic logic group has its sim- 
ple basic OR and AND circuits, plus any other circuits pe- 
culiat to that type of logic. In most cases, the more in- 
volved circuits are made up of combinations of CR, AND, 
and NOT circuits. While the operation of these basic cir- 
cuits may be slightly different, they are similar: For exam- 
ple, trensistor logic can easily be visualized by considering 
the emttter-base junction as an input diode and base-col- 
lector junction as the output diode. 

Diode logic is the simplest type ct logic, corresponding, 
in general, to switch operation. Either the switch is ON 
(diode conducting) or it is OFF (diode non-conducting). It 
is usually used where signals of only two levels are involved 
(the off level and the on level) although three-ievel cir- 
cuits may be arranged, if desired. Either negative or posi- 
tive logic may be use with the same circuit arrangements, 
except that the diode connectiuns must be reversed, While 
it is important that the forward resistance of the diode be 
low, itis more important that the reverse resistance be very 
fuugh. Thus when diodes are paralle!-connected their paral- 
led reverse-tesistance is still high, and leakage and operat~ 
ing power fequirenients are low, aiso, false triggering will 


advontage to the use of diode logic 1s 


where ¢ combination of inputs is used ic produce 


1 


mateets peTeny 2 
versely, an arrangement with single inputs producing a 
multiple output 1s known OS an encoder motrice us mula. 
in generai, when arranged in a rectangular arran nt the 
matrice becomes @ rectangular matrice, regatdiess of func- 
ti on, that is, it may be either an encoder or decoder, Each 
> ircuits ond arrangements 


isd a decoding matrice «7 


‘e fully discu: 


Hlowing*pares 
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OR GATE. 


APPLICATION. 

The diode OR gate is a basic logic circuit which pro- 
duces an output when either input is activated, and when 
both inputs are simultanecusly activated (inclusive OR), 
Tt replaces the relays ond electron tubes used in earlier 
computers. 


CHARACTERISTICS. 

May use either positive or negative logic. 

May be operated by short duration pulses, or by static 
dec voltage levels representing inputs and outputs. 


Dosrosentes } 
Represents legicic: 


Corresponds to an oppositely polarized AND gate. 
Cutput never exceeds the input (no aniplificction is ob- 
tained.) 


CIRCUIT ANALYSIS. 

General. Logic circuits differ from basic electronic 
Circuits in their general treatment. Through the use of 
standard logic symbols (see MIL STD 00806C (NAVY) for a 
complete list), a block-diagram type of presentation may be 
used, instead of the conventiona] schematic representation 
with which the ET is more familiar, Thus the signal path 
and operation can be followed, or considered, without re- 
gard to the actual electronic circuit operation. Typical 
standard symbols used to represent a positive logic OR cir- 
cuit are shown below, accompanied by a truth table of pos- 


cthia anmbinestane: 
Sibie combinations. 


AlH) 

B(H) Fx(O+B) (H} 
A 
8 Fa(A+B) 


Positive OR Gate Symbols Table of Combinations 


triangles. The inputs are A or 8. The cutput, F shows 


n Boolean algebra nctation the result (A + 8}, where the + 
ros OR (addition. The table of comh 


maine 
igh indiscies OR (edaitio ens 
shows evety possible combination of input and output and is 
therefore, called a truth table. When cither input A or in- 


eut B (or both) are at a relatively t nigh levei, the she ee a 
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Two Input Negative OR Gate 


The negotive OR gate operates inversely to the positive 
OR gate. Thus, when inactive, it is held so by inputs ap- 
proximately equal to +V and no conduction occurs. This 
represents the 0 state. When a negative | is applied either A 
or B, the respective diode is forward biased and current 
flows through R. Electron flow is in such a direction that 
the output end of resistor R is negative, and the input signal 
appears as the output. While one diode is conducting, the 
other dicde is reverse biased by the amount of the output 
signal; thus it connot conduct unless a greater negative 
voltage is applied its input. When both inputs are simulta- 
neously activated with a negative signal, if equal in am- 
plitude both diodes conduct. This is the case of the in- 
clusive OR, If the polarities of the 0 and 1 are reversed, the 
negative OR gate will function as a positive AND gate. 

Thus the proper conventions must be used to produce the 
desired function. When the ] input is relatively more nega- 
tive than the 0 input, the above discussion, the symbel, the 
schematic, and the truth table for the negative GR gate appiy. 


FAILURE ANALYSIS. 

General. In the basic OR circuit only three ports are 
involved and it is a simple matter to make a resistance and 
continuity check with an chimmeter tc quickly determine if 
the parts are defective. Military computers are usually made 

self seaieating tbat is, for a given module, normal operation 


is shown by o lamp operating in sync! input 


ot by a test signal inserted at specific intervals. Thus the 
eperator can quickly determine if the module 1s working 
properly and substitute a new cne when needed. in some in- 
stances it may be considered economical to throw away the 
modevle, in otmer instances, locat or factory repair ce 
and the following trouble analysis will be applicable. 

No Output. If no output is obtained trom either the po 
tive or negative OR gate when an input voltage or pulse is 
applied to either A or B terminal, the associated diode is 
defective. Use an ohmmeter to check the forward and re- 
verse resistance of either CR] or CR2. A high reverse re- 
sistance and a low forward resistance ate normal. if the re- 
sistance is the same in beth directions replace the diode 
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Continuous Output. When a diode is short-circuited, the 
0 level will appear continuously at the output. That is u 
constant d-c level will appear at the output, because ¢ d-c 
cuffent path exists from the supply through resistor A, 
through the diode, and through the input impedarice ur vwult- 
age supply impedance to grcund, Thus the output will be a 
constant and opposiiely polutized voituge to that normally 
produced. The output amplitude will be either higher or lower 
than normal depending upon voltage divider action of R and 
the input resistance. When the input portion presents a high 
tesistance the output wiil be near the supply voltage. If 
equal to the vaiue of resistor 9, the cutput will be half the 
supply voitage. If lower than R the output voltage will aise 
be low. 

Erratic Operation or Reduced Output. [f re: 
open, no forward bias will be applied to the diodes and they 
will be in a floating condition, subject to operation by 
tendom noise puises, or any signal that makes the anode 
mote positive than the cathode (or the cathode more negative 
than the anode). Make a resistance check of resistor, 2, 
with an ohmmeter when erratic operation occurs, and replace 
it if it reads outside the tolerance range. 


tar rk 


AND GATE. 


APPLICATION. 

The diode AND atte is a basic logic circuit which pro- 
duces an output oniy if ali of its inputs are simultaneously 
activated. it represents the basic logic circuit for binary 
multiplication, and the dot symboi 15 used to indicate this 
{A-B=C}. It replaces the relays andelectron tubes used in 


er computers. 


CHARACTERISTICS. 
May use either positive or negative logic. 
May be operated by short duration pulses, or by static 
d~< voltage levels representing inputs and outputs. 
Cotresponds to an oppositely polarized OR gate. 
Output never exceeds the input (no amplification is op- 
tained}. 


CIRCUIT ANALYSIS. 

General. Logic circuits differ from basic electronic 
circuits in their general treatment. 4 rough the use of 
standard logic syibuis (see MAL Siu UCBCEC (NAVY) for 


u comptete ist), u dioca diugra 


presentation with which the cT is mote familer. Thus the 
SIGNGi Pall OF Opereuol way be feduwed, ef vciudered 
without regard to the actual eiectrome circult operstion. A 


i standara symbol usel tu represent a positive logic 


SoG, ifsieud of the coive 


itis shu 


of possible combinations, 
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A(H) 
F2A-B {H) 


B tH) 


Positive AND Gate Symbol Table of Comoinations 


The (H) notation means high level or positive logic 
and is indicated in the symbol by the filledsin right 
triangle (when the triongles are used the parentheti- 
cal notation may be omitted). The inputs are A and 
B. Theoutput, F, shows in Boolean algebra notation the 
tesult (A“B), where the dot sign indicates AND (multiplica- 
tion). The tableof combinations shows every possible com- 
bination of input and output, and is, therefore, called a 
truth table. When inputs A and B are both at a relatively 
high level, the output, F, is also at a relatively high level. 
When both A and B are at a low level, so is F. Fora single 
input the gate remains inactive, 

When negative logic is used, the symbol shown below 
and accompanying truth table apply. 


A(L) 
FsA-B(L) 
Bit) 


Negative AND Gate Symbol Table of Combinations 


The (L) notation means low level or negative logic, ad 
the small open right triangle at the inputs and outputs of the 
symbol indicates they are low (if filled in they are high). 
When the triangles are used, the parenthetical (L) notation 
may be omitted. Thetable of combinations shows that for 
all inputs but one, the output is high. When both inputs cre 
low, the output also is low. For a single input the gate re- 
mins inactive and rests in the high state, 

Circuit Operation. A two-input positive AND gate is 
shown in the accompanying illustration. The gate consists 
of two diodes, CRI and CR2, and current limiting resistor, 
R, connected as shown in the schematic. 
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‘eerie! a 
+V 0 


FeA-B (H) 


cR2 Bi 


B (HK) 


Two-Input Positive AND Gate 


When the gate is inactive (no output is applied) the 
cathodes of CR] and CR2 are at a relatively low level with 
Tespect to their anode, Thus the cathodes are effectively 
negative with respect to the anode and the diodes conduct. 
The diode current flowing through resistor R produces a 
voltage drop equal to that of the supply and of opposite 
polarity. Therefore, at the output end of R the potential is 
zero, and no output signal exists between F and ground, 

Should a positive input be applied to either A or B alone, 
either CR] or CR2 will cease conducting. However, the 
other diode will then conduct more heavily and keep output 
F at zero. Thus if only one input is activated there will be 
ne output. On the other hand, if both A and B inputs are 
activated simultaneously by a high level or positive signal, 
the cathodes become more positive than the anodes and both 
diodes cease conducting. When conduction ceases, the 
voltage drop across resistor R no longer exists, and output 
F rises to the full value of the supply voltage (becomes 
highly positive). Thus a positive output is produced when 
both inputs ore simultaneously activated by a relatively 
high level input representing a 1. 

A positive AND gate is sometimes referred to as a neqa- 
tive OR gate, because if the polarity of the input trigger is 
reversed so that a negative signal represents a 1, and a 
positive signal represents o Zero, a single input will pro- 
duce o negative output, but combined inputs wil) not. Refer 
to the OR gate schematic in the previous discussion earlier 
in this Chapter and observe they are identical, Because of 
the interchangeability of the AND and OR functions with 
polarity it is necessary to adopt certain conventions to 
avoid confusion. Therefore, if we assume that relatively 
positve signals produce a 1, and relatively negative signals 
a0, we may call the AND circuit discussed previously above 
@ positive AND gote, Unless otherwise noted, we shall 
assume this convention throughout the remainder of the cir- 
cuit discussions in this Chapter of the Handbook. 

In some systems, O’s and }'s are represented by the ab- 
sence of presence of a pulse. If the pulse is absent it re- 
presents a O, if present, a 1. The AND gate must produce 
a pulse at its output only when all inputs are activated. 
Thus ina three input AND gate, inputs A, B, and C must 
all be activated before an output can be produced. Like- 
wise, where both d-c and pulse levels are used, all must be 
activated. Where two levels are d-c and the third is c pulse, 
both d-c levels must be positive and a positive pulse must 


eee 
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appear at the third level before the circuit will operate. 
Absence of the pulse would be a O exactly as though a 
negative signal were applied instead, and the circuit would 
not operate. 

A two input negative AND gate is shown in the accom- 
The gate consists of two diodes, CRi 


with current Ii 


panying illustretion. 


Gn SR, E,zconrected:-as 


tor, F 


shown in the schematic. 


oo aii ° 


: 


cRe F=A-B (L) 


B (L) ee 


Two Input Negative AND Gate 


The negative AND gate operates inversely to the posi- 
tive AND gate. Thus, wnen inactive, the anodes are ata 
relatively high level (positive) with respect to the cathoces, 
which are connected to the negative supply through R, and 
they conduct. The voltage drop across R is opposite the 
supply and equal sc that no voltage exists at the output 


atitrorr & 


outp obtained tror when 


end sf resister RB, thus nc outpi 
artnet input A or B is activated (with a negative | signal) 
the associated diode stops conducticn, but the otner diode 
maintains the output at zero. However, when both inputs 
are simultaneously activated by a low level or relatively 
negative input the anodes become more negative than the 
eathede and the diodes cease conduction. “Si 
now flows through R, the voltage at the output terminal 
rises to the value of the supply voltage, and a negative 
output representing a | is produced. When the inputs cease, 
the output again terminates and the gate is considered 
active, even though this is the period during which the 
dindes are active and conducting. 

If the polarities of the O and 1 ate 


tive AND gate will fur 


fe NC Current 


ction Gs a 
at lis 
di 


matic in previous OR gaie « 
of the Handbook). Thus the proger conventicn: 
used to produce the desired function. When the i ings 
relatively more negatuve than tne © input, the above discus- 


sfon.cthe symbol, the schemetic‘and the:truth table fer 


gative AND gate toply. 


FAILURE ANALYSIS. 


Since only threo parte 
Since or posts orerus: 


basic 


AND gate, it 1s a simple matter to make resistance and 


continuity checks with an ohmme 
parts are defective. Military computers are usually sel: 
indicating—that is) foro given: mod: normal aperaticr 


1 
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or by a test signai inserted at specific intervals. Thus the 
operator can determine if tne module is working properly 

and substitute ¢ new one when needed. In some instances 
it may be considered economical to throw away the def 


module, in other instances, locai or factory repair is made 
and the following trouble analysis will be applicable. 


atte aes 
ither the 


 Outeut 
No Output. z 
positive or negative AND gate when an input voltege or 
pulse of the proper polarity and amplitude is applied simui- 
taneously to both inputs A and B, both diodes are defective 
or resistor Ris open. Use an chzimeter to check the forward 
nces of CR} and CR2. 


w forward 


hic 
A high re 
e are normal, { 


3 the same in both dvectiois vevluce 
with a known good one. If resistor R is outside its toler- 
ance range, tepiace it. 

Continuous Output. 


If either th 
AND gate produces un o 
diodes are defective, cr 


wat applied 
resistor R is shorted. Check the 
diodes with an ohmmeter for forward and reverse re~ 
sistance, and the value of R. Replace the defective parts. 
Erratic Operation. If an output is obtained when only 
one input is activated, the diode associated with the other 
input is open. Check the diodes tor forward and reverse 


tesistance with an ohmmeter, and replace the defective 
diode. If an output is obtained when either A or B are 
activated individually cr simultaneously, resistor R is prob- 
ably open and the diodes are free floating, subject to opera- 
tion by any trigger or noise signal which makes the anodes 
4é positive than the o le, (or the cathodes sure neg- 
ative than the anodes). A resistance check of R will reveal 
the trouble. 


RECTANGULAR MATRICES. 


APPLICATION. 
A tectangular diode matrice (matrix) is used in computers 


to gerform a specific function, such plying a sing) 


a5 Supplying o single 


wuts or vice versa, IL 
€ instead. Thus, 
a rectangular array it may he knw oo 


out supplied with mult: 
may also oe k known by its functional nas 
githough 


class of circuits w 


ey represent, 


CHARACTERISTICS. 


May use positive gatuve logic. 


and vice 
| {no amalitication is sroviden}. 


CIRCUIT ANALYSIS. 


General. 
Characterisucs ws functions cf their ewn cther than an 


Ticcoternaeclat: Haaiteees. i : 
Rectunguar diode matlices fave ny vpecia! 
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elements are connected that determines the logic function 
produced. Thus to describe 4 computer as containing a 
rectangular matrice is of no significance unless the asso- 
ciated function is also described. 

Circuit Operation. A simple rectangular tatrice com- 
posed of two AND gates and one OR gate, which perform 
the logic function (AB + CD) are first shown symbolically, 
then as a matrix diagram, and finally, in schematic diagram 
form. 


INPUT 


OUTPUT 


F=(AB+CO) (Ht 


Logic Diagram of Matrice 


As shown in the logic diagram, the diode AND gates are 
AGI and AG2, and the diode OR gate is OG]. Inputs A and 
B are provided for AG], and C and D for AG2; the output 
of both circuits is combined by the OR yate at F. Thus out- 
put F is active whenver AG] output (A“B) is active, or 
when AG2 output (C°D) is active, or when both AG] and 
AG2 are active. The output function is written symbolic- 
ally as AB+CD, which is read us A and B, or Cand D, or 
both A AND Band C AND D. The last mentioned condition 
is the inclusive OR function. 

The diode matrix representation of the function, F = 
AB + CD is shown in the following illustration. AND gate 
AGI consists of diodes CR] and CR2, with current limitina 


+ +V 
e) O 


AHO 
INPUT 

BIND 

ctu) 
INPUT 


oO 


i CRE OUTPUT 


O 
Fa(AB+CD}H) 


sdatrix Representation 
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resister KJ], AND gate AG2 consists of diodes CR4 and 
CRS, with current hmiting resistor 32, OR gate OG] con- 
sists of diodes CR3 and CR6, with current ting resistor 
R3. In the drawing, zero volts represents a logic G and +¥ 
volts represents c logic ], thus positive logic is usec, and 
output F is active (logic 1) when it :s at +V volts relative 
to ground. It is inactive (logic O) when it is at zero volts 
relative to ground. 

Assume that all inputs (A,B,C, and D) are at zero volts 
(logic O). With the anodes of CR1, CR2, and CR4, CRS 
connected to the positive bias supply through R] and R2, 
respectively, tne diodes are forward biased and conduct. 
The supply voltage is dropped across resistors Rl and 2 
so that the anodes of OR gate diodes CR3 and CR6 are also 
at approximately zero volts. Because the cathodes of the 
OR yate diodes connect to ground via R3, there is no dif- 
ference in potential across these diodes and no conduction 
occurs. Thus, the output of the OR gate remains at zero 
volts (a logic 0). The conditions stated above are shown 
on line } of the table of combinations shown below, that 
is, all inputs and the output are at a low level (L). 


ae a 8 o Fs (AB+CD) (H) 

' L u 5 L L 

2 L t L H CG 
3 u L 4 L L 
4 & L H H H 
5 z H L L u 
6 t H u H L 
, L 4 H L L 
8 L H H H H 
9 H L l L L 
Lie) H L u H i. 
v al L H & Lc 
12 K L H Hn H 
1S H H t he H 
4 H H i. H H 
5 Hw H 4 L H 
6 a 4 a 4 H 


Table of Combinations 


Assume now that the condition on line 13 is true. That 
is, inputs A and B are active at +V volts (relatively high), 
and inputs C and D are inactive at zere volts (relatively 
low). With inputs A and B both at +V volts, diodes CR] 
and CR2 are held in the non-conducting state (reverse 
biased), while CK3 anode is positive with respect to ground 
and conducts, current flow is from ground through R3, diode 
CR3, and R] to the supply. Thus, cutput F is equal to the 
supply voltage minus the drop across R1, ond the small 
drop through the diode, or approximately +V volts, a logic 
]. Meanwhile, inputs C and D are inactive at zero volts, 
and diodes CR4 end CRS conduct because of the nigh pesi- 
tive anode potential. The current flow through R2 drops 
the supply voltage to zero, with respect to ground, at the 
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anode of diode CR6 (the OR gate). With the cathode of CR6 
connected to ground through R3, no potential exists across 
the diode, it 1s reverse biased by the positive output volt- 
age across R3, therefore CR6 does not conduct. 

Assume now, that conditions are reversed, that is, in- 
puts C ond Dare activated by a positive voltage, and inputs 
A and B ate inactive at zero volts, this 1s combination 
number 4 in the table above. OR gate diode CR6 now con- 
ducts, while CR3 remains nonconducting, and the output at 
F is again at +V volts, and produces @ logic ] while in this 
active state. It is evident from the table of combinations, 
above, that if each of the input combinations is performed, 
only combinations number 4, 8, 12, 13, 14, 15, and 16 will 
cause an active (high) output to be produced at F 

The schematic representation of the citcuit described 
above is shown in the accompanying illustration. While this 
drawing and the matrix representation ate identical, the 

+¥ 


Fe{AB+CO}(H) 


Schematic Circuit 


arrangement is slightly different. Thus the schematic re- 
presentation shows the more familiar AND and OR gate 
dizangements at a glance. sauce the matrix drawing is 
usually used for matrices because it essentic!ly 

yo the physical uad wiring arranger mt of the matrice, and 
it is clearer and easier to follow signal path flow when a 
jutye nuinber of cascaded ¢: Ro crenused. Bothisiscusts 
are identical, however, so you may use whichever se 
eusiet to follow or understand. The circuit explanation 
applicable to both drawings. To fully understand operation 
of this circuit, you should apply eacn input condition shown 
in the table of combinations and verify that an identical 
result is obtained. Once established, the truth table makes 
t necessary to know how the circuit operates in determin- 
result. If the inputs are known, then the 


determined at a glance. 
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FAILURE ANALYSIS. 

General, The simple rectangular matrice discussed 
above only contains three times as many parts cs the basic 
AND ot OR circuits, so that a resistance and continuity 
check with an ohmmeter will quickly determine if the parts 
are defec Usually in Military computers, the module is 
made self indicuting so the op mine quickly 
if the entre module is working and replace it when neces- 
saty. The defective module is then repaired either at a 
Jocal activity or at the factory, or is discarded if it is con- 
sidered economically feasible. In large computer repair 
centers test jigs are usually available, and the module is 
inserted in the jig and simulated test signals are cpplied 
to the inputs, and the ourpuis vr luck Uf Uuipuis ure uvied. 
Thus the defective part and circuit is quickly located. For 
small computers, when authorized, a similar procedure may 
be followed. The computer can be used to supply the 
necessary inputs, and the outputs can be observed un eile: 
a voltmeter, a VTVM, or an ascilloscope. Lack of output 
when the proper trigger is applied, or a continuous output 
with no trigger applied will usually isolate the troubie tc 
the circuit and part at fault. 

No Output. With a trigger applied tc either diode CR3, 
or CRE6, if no output is obtained, the associated diode is 
probably open. Check the forward and teverse resistence 
with an ohmmeter, if it indicates the same resistance in 
both directions and is a high value the diode is open. It 
no output is obtained with an input to both A and B, or C 
and D, diodes CR] ond CR2, or CR4 and CR5, respectively 
are open, of either Rij of RZ is open. A resistance check 
will determine which is at fault. 

If both AND gate diodes are shorted, the associcted 
AND gate will not operate, but the matrice can be operated 
by the other AND gate. However, if both AND gates are 
inoperative no output will be obtained from the matrice, and 
ali diodes must be defective. If R3 is shorted 
will be obtained; check R3 with an ohmmeter. 

Continuous Output. [fa continuous output is obtained 
ond remains unaffected by any input trigger combination, 
either diode CR3, or CR6 :s shorted. Checking the reverse 
resistance of either diode wili indicate which one is defec- 
tive (if low, the diode under test is defective; if high the 
other diode is defective), 

Tf both AND gate dicdes ure open, ti 
gate will be triggered and o continu 
‘verse resistance check will te 
Lif Sl or 2 are shorted 


no output 


eir esipciated! OR 

aba wll oa 

is condi Rion, 
ate 


ed OR gale 


swith on obiiiiedes wilh dees 


ENCODING MATRICES. 


APPLICATION. 
Encoding matrices {matrix} are 
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of conventional decimal or english notation into a form 
usable in a digital computer. The decimal numbers, letters, 
and punctuation marks ate converted to binary form for use 
in the digital computer. 


CHARACTERISTICS. 

Consists of many input lines, but only a few output 
lines. 

Only one input line is activated at a time to produce 
@ unique output. 

May use positive or negative logic, or combined logic. 

Gain is less than | (no amplification is provided), 

The matrix may be arranged in any suitable geometric 
form (rectangular, square, pyramid etc.). 


CIRCUIT ANAL YSIS, 

General, A decimal-to-binary encoder matrice changes 
a voltage level which represents a specific decimal number 
into a unique set of voltage levels representing the binary 
form of the decimal number. The following table shows 
decimal numbers from 0 through 9 with their binary equiv- 
alents. 


O 
AL) 


QO O 
BIL) CL) DIL) 
OUTPUTS ING) 
/\ 
Coder 


DECIMAL NUMBER | BINARY NUMBER 


Decimal to Binary Encoder Logic Diagram 


co 

Examination of the logic diagram reveals that four N 
OR gates are employed. OR gate number | has three inputs 
-and one output. OR gates numbers 2 and 3 have five inputs 
and one output, and OR gate number 4 has six inputs with 
one output. The open triangles indicate that negative 
logic is used. Therefore, a logic 0 (inactive state) is re- 
presented by a relatively high voltage level (H), while logic 
1 (the active state) is represented by a relatively low volt- 
age level (L). 

The following table of combinations shows the specific 
decimal number input and level, and the unique output level 
Note that the decimal digit requires four binary digits (or for each of the inputs, 
bits) to represent it. Therefore, the circuit which performs 
the decimal to binary encoding must have 10 input lines, one INPUT 


-~-s9e000000 


C@OVYMAEUN-O 
e9o----oos000 
e©o--00-~o00 
-O9-0-o0-c-o 


= 


for each decimal digit input, and 4 output lines, one for A Cc 
each binary output, 3 
Cirevit Operation. The logic diagram for a typical dec- i i Af i Z 

imal-to-binary encoder is shown in the accompanying illus- 2 Hite ieore 

tration. 3 H HLL 
4 HL HOW 
s HL HL 
6 HL LH 
7 HLL EL 
8 LH HH 
9 bo oRH HOL 

Table of Combinations (Truth Table) 
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Examination of the table of combinations reveals 

that the listed gate output is activated when 

the input is the decimal number{s) shown in the following 
matrix tuth table; note that the number of inputs correspond 


to those shown on the logic diagram. 


A=0,8,9 
B*0,4,5,6,7 
€*0,2,3,6,7 
D+0,1,3,5,7.9 


The following illustration shows the complete 
matrix schematic representation of the encoder, 


tNPUTS 
torre) 


O O 
ACL) BIL) cu) OL) 
QuTPUTS 


Matrix Representation 


Sxamination 


B) consists 
resister R208 3 
Un through CH13, with current limiti 
gate number 4 (output D} consists of dioeds CR14 thro: 
CR19, » ting resistor 4. As shown in the 
schematic, the anodes of ail diodes uie 
tive bias supply through the current limiting resistors, When 
their cathodes are connected to a iess positive voliuye, of 
placed at zero (ground) potential they will conduct. i#hen leit 


ustetminated (no input) the circu: supply throug} 


o 


ound is 6 
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no conduction occurs, no current Hows through the associated 
current limiting resistor and the gate output is +V, the supply 
voltage. Since negative logic is employed, a positive (rela- 
tively high) output represents a 0 and the circuit is then 
considered inactive. When ¢ zero voltage (negative or rela- 
tively low) input is applied, all diodes on this line will ccn- 
duct, The normally high (positive) output will be dropped 

to zero by the current flowing through the associated cur~ 
rent limiting resistor, thus zero voltage or no output re- 
presents q 1, that is, an active negative output. 

For example, assume the decimal number 7 is applied 
by grounding that input line (9 relotively Jow (L) input is 
applied). The cathodes of diodes CR8, CR13, and CR18 
therefore, more negative than their anodes, and these 
diodes will conduct. [hus at gate ourputs B, C, und D, no 
voltage will appear, ond these OR getes will cll be at a 
telatively low (Lj output. At the same time, since gate A 
Sutpuhis to line 7 it will remain highly posi- 
tive at +V volts creating a relatively high (H) output. Thus 
by activating the number 7 line (through grounding it) the 
output will be HLLL, representing 0111 or the binary number 
7. By following the table of combinations, number for 
number, in a similar feshion and applying each input in 
tum, the outputs shown in the table of combinations will be 
obtained. Cnly one decimal sumber input at a time is 
permitted, with all the remaining lines resting in the in- 
active state. If two cr more input lines were simultaneously 
activated, one of the numbers might be produced correctly 
and the others masked out, or else the wrong number would 
he produced. Thus in an encoder ot this type a series input 
must be used, since a paralle] input would produce a false 
indication. Conversely, the decoder which works just the 
opposite, requires a parallel input, Th:'s the coding time 
for a series of decimo] digits in a simole computer re- 
presents a finite time, since only one can be produced at a 
time. However, the operating time for each digit 1s only 9 
tew mictoseconds, so that the coding is usually uccom- 
plished as fast as the information can be inserted, and ap- 
pears to be instantaneous. 

While the above explanation assumes the use of d-c valt- 
age levels, the same action can be obtained with pulses 
using appropriate coupling circuits, when needed. Because 
of the :nherent loss in the diode, althougn assumed zero 
for ease of discussion in these paragraphs, when large 
number: derable power is required. 
5 diode logic is usually used together with transistors, 

j diode-transistor iogic (UTL) circ 
computers. 


$ gre used in iarge 


FAILURE ANALYSIS. 


Genera!. in large matrices one has a choice of making 


mponents of 


a tesisicnce check of the numerous @ mod- 


e, oF applying an operational check using the wuth tapie 
und 3 matrix schematic to analyze the outputs. In large 
ler remit shnps this is accomplished auickly by 
prepared test jigs into which the module may be plugged. 
‘The trouble is thereby pin-pointed to u few associat 
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ponents which ate then checked individually. The follow- 
ing paragraphs indicates a systematic method of analyzing 
failures for trouble localization. 

Gate Output Always High. If a particular gate output 
always remains in the high state regardless of the inputs 
to the matrix, it con be assumed that all the diodes asso- 
ciated with that gate are probably open circuited, or the 
associated current limiting resistor is shorted. Make a 
forward resistance check of the diodes with an ohmmeter, 
if the resistance is the same in both directions and high, 
the diodes are open. Check the resistance of the resistor. 
With a shorted current limiting resistor, the heavy current 
through the diode will usually be sufficient to cause the 
diode to heat, smoke, and eventually burn out, or to blow 
the supply fuse. 

Gates Outputs Always Low. Ifa particular gate output 
always remains in the low state, regardless of the inputs 
to the matrix, al) of the diodes associated with that gate 
are probably short circuited, or the associated current 
limiting resistor is open. Make a reverse resistance check 
of the diodes with an ohmmeter, if they read the same in 
both directions and it is very low, the diodes are shorted, 
Check the resistor value. 

Incorrect Output. By using the truth table and the proper 
input, each input line can be checked individually for pro- 
per operation, For example, if input line 0 (decimal zero) 
is active and low (L) and the outputs are: A high (H), B 
low (L), C low (L), and D low (L) it indicates that diode 
CRi is open circuited. This is indicated by outputs B, C, 
and D being normal, and output A abnormal when compared 
with the proper outputs listed in the table of combinations. 
Note that while diodes CR2 and CR3 ate also connected to 
output line A, they can only be activated when lines 8 or 
9, respectively, ate activated. Thus, since only one line 
may be active at a time only the diodes associated with 
that line need be considered, It is evident that if three 
diodes are concerned, and two outputs are wrong, two of the 
diodes must be at fault. 


DECODING MATRICES. 


APPLICATION. 

Decoding matrices (matrix) are used to change data from 
machine (computer) language to ordinary decimal or english 
notation. The binary representation of a decimal or an 
english character (machine language) is automatically con- 
verted by the matrix into a straight-forward reading character 
or digit easily recognized by the reader. 


CHARACTERISTICS. 

Consists of many input lines, and many more output 
lines. 

Several inputs are activated simultaneously to produce 
a unique output. 

May use positive or negative logic, or combined logic. 

Gain is less than 1 (no amplificetion is provided). 

The matrix may be arranged in dny suitable geometric 
form (rectangular, square etc.). 
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CIRCUIT ANALYSIS. 

General. A binary-to-decimal decoder matrice changes 
a unique Set of input voltage levels representing a binary 
number into an output which represents a single decimal 
number. The following table shows binary numbers from 0 
through 9, with their decimal equivalents. 


DECIMAL NUMBER 


CONDONE UNH-O 


--cec°c00000 
©o0----0000 
©o0-~00--00 
-~o-0-0-000 


Note that each decimal digit requires four binary digits 

(bits) to represent it. Thus this type of decoder is sometimes 

called a ‘‘many-to-one’’ decoder, since many inputs are con- 

verted to G single output. To perform the binary decoding 8 

inputs are required (four inputs for binary 1’s and four in- 5 

puts for their complement, binary 0), with 10 outputs Oo 

Tepresenting the decimals from 0 through 9. i. 
Circuit Operation. A logic diagram for a typical binary- 

to-decimal decoder is shown in the accompanying y 

illustration. 
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WPUTS 
A 


; ae Se IE | 
v AG! 
OUTPUTS 
0 ! 
Examination of the logic diaaram shows that 10-AND 
gates having 4-inputs and four diodes in each gate (AGO 
through AG9) are used. The closed triangles indicate 
that positive logic is employed. Therefore, the inactive 
state (a loaic 0) is represented bv a relatively low voltae 
level (L), while the active state (c logic }) is represented 
by a relatively hich level (H). 
The following table of combinations shows the various 


hinary input levels and the unique output level for each of 
the possible input combinations. 


BINARY INPUT DECIMAL OUTPUT 


D 
te Se aL rf 
(i Oe en 4 
ee Gtk. Gee ls H 
LM 4 
1 ie ate) tet H {4} 
LW ik oH nm (8) 
a q 6) 
i en et HH {?) 
ee be & | R (8) 
Pa hae | H {9} 


Table of Combinations 


CHANGE 2 


Examining the table of combinations, we find that if the 
binary inputs A, By OD ure activated (H. L. L, L), aote 
AGB is activated to produce a high (H) output, which indicate 
that the matrix has decoded a binary 8. While the gate that is 
activated for ecch binary input is shown by the table of 
combinations, if it is converted into a Truth Table by 
substituting the 0 and 1's cormespondina to the decimal 
number as shown below, operation becomes easier to 


BINARY NUMBER 


0 00 0 Lo) 
BE 20- Oh vit | 
oO 4 & 2 
MD, Ta ; 3 
G kt 2 ee 4 
OF (be - Oe oy $ 
Qo 1 i 68 6 
Oo 3 i HT 7 
' o 0 0 8 
ae ie © | 


follow. Ic is also evident that this is the same as the 
binary-decima] equivalent numbers previously listed. 

When the gates are activated it is hy means of c logic 1 
signal. In the logic zero state the gate remains inactivated. 
When the gcte input is activated, the input signa! stops the 
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associated gate diodes from conducting, and an output is 
produced as the output level rises to the +V supply voltage. 
When the gate input is inactivated, the cathode of the 
associated diode is at a lower potential than the anode 

and the diode conducts. The current flow through the 
associated current limitingresistor drops the supply voltage 
to zero so that no output is obtained. Thus when input A is 
activated a positive voltage is applied to block off or reverse 


BINARY 


ees Pe “a 


se ee Se Ke Ke se 
ea ees 
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bios ony diodes connected to that line. When A (A-bar) is 
activated it is a "NOT A’; thus, it is not a logic 1 but a 
logic 0, and all the diodes associated with thet line conduct 
because of the forward bias applied by the relatively-low 
(L) input signal. 

This operation may be followed more easily if the 
accompanying matrix schematic is examined in conjunction 
with the truth table inputs as the discussion continues. 


ee ae 
ee ee 


Decoder Matrix Schematic 


For example, assume that inputs A, B, CT; and D are active 
high (H), ond are at +V volts. The truth table shows that 
the corresponding combination O101 must activate gate 
number 5 and produce a high positive output. Examination 
of the matrix schematic shows that gate 5 consists of 

CR2! through CR24 with current limiting resistor RS. When 
input line"Kis activated, made high (H), diode CR21 ceases 
conduction; likewise, as B, C and D, respectively, are also 
made high the diodes CR22, CR23, and CR24 are also 
teverse biased. Thus all the diodes of AND gate $ stop 
conduction simultaneously, and output F which is assigned 
the decimal number 5 rises to the supply voltage level 
creating a positive output pulse, as required by the table. 
Note that if any one of these inputs were not activated (H), 
but were low (L) instead, then that one diode would conduct 
and the high output could not occur. Thus one, and only 
one particular combination will activate each of the AND 
gates. To prove this, examine each of the input lines which 
are not activated and are at a relatively low value. We 
find, then, that line A forward biases diodes CR33 and 
CR37 and decimal outputs 8 and 9 are, therefore, at zero. 
Likewise, for input line B diodes CR2, CR6, CR10, and 
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CRI14 conduct and outputs 0, 1, 2, and 3 are low or zero. 

For line C diodes CR11, CR15, CR27, and CR31 conduct 

so that outputs 2, 3, 6, and 7 ate zero. Finally, input D 
inactive causes conduction of diodes CR4, CR12, CR20, 
CR28, and CR36, with outputs 0, 2, 4, 6, and 8 at zero. 
Thus, while gate 5 is high, all the other outputs are low 

or zero since at least one of the associated diodes is con- 
ducting. Sometimes two or more diodes will be conducting, 
but only one is necessary to prevent the gate from operating, 
and producing an output. 

If you follow the truth table combinations, applying high 
and low inputs as indicated and noting the output, or lack of 
output, you will see that the truth table shows the proper 
combination for the desired output, and no other combina- 
nation will produce the same results. 


FAILURE ANALYSIS. 

Generaf, [n large matrices one has a choice of mak~ 
ing a resistance check of the numerous components of the 
module, or applying an operational check using the truth 
table and a matrix schematic to analyze the outputs. In 
lagre computer repair shops this is accomplished quickly by 
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prepared test jigs into which the module may be plugged. 
The tests are thon run sequentially (using the proper input) 
until the wrong response is obtained. The trouble is thereby 
pin-pointed to a few associated components, which are 
then checked individually. The following paragraphs 
indicate ¢ systematic method of analyzing failures for 
trouble localization. 

Gote Output Always High. If a particular gate out- 
put always remains in the high state regardless of the 
inputs to the matrix, it can usually be assumed that all the 
diodes associated with that gate are probably open circuited, 
or the associated current limiting resistor is shorted. Make 
a forward and reverse resistance check of the diodes in that 
gue with un ohmmeter, Hf the tesistance is the same in 
both directions and high, the diodes are open. Check the 
resistance of the current limiting resistor with an ohmmeter. 
Usually with a shorted current limiting resistor, the heavy 
current through the diodes will be sufficient to cause the 
diodes to heat, smoke, and eventually burn out, ot to blow 
the supply fuse. 

Gate Output Always Low. If a particular gate cutput 
always remains in the low state, regardless of the inputs 
to the matrix, one of the diodes associated with that gate 
1s proebly short circuited, or the associated current limiting 
resistor is open. Make a reverse resistance check of the 
diodes with an ohmmeter. If the resistance is the same 
in both directions, and it is very low, the diode is shorted. 
Check the resistor value with an ohmmeter. 

incorrect Gutpur, By using ie truth table and the 
croper input, each input line can be checked individually 
for proper operation. For example, if diode CRI of gate 

AGO were opens -circuited, AGO would become active when- 

evet inputs B, ©, and DB were high. The table of combina- 
tions shows that inputs B, C, and D must be active to 
produce on output from gates AGO and AG8 under these 
conditions (A input is not connected to AGS, and A input is 
net connected to AGO). Therefore, both AGO and AG8 would 
become active when the AG8 inputs are correct, and AGO 
would also become active when its inputs are correct. 
Thus the open circuited CR} diode would not be detected 
unless it was noted that BOTH AGO and AGB outputs were 
active when erly the AG8 output should be active. Iris 
evident, then, that the logical procedure is to apply the 
proper inputs separately, as listed in the table of combina- 


dons, whue checsing the sei lines tc be certain th 


cGrGst gece) is-cetiveted fer co 


aipul Combination. 


TWO-LEVEL AND-OR GATE 


APPLICATION 
Combinations ot ANL+ UK gates which rorm a two-ievei 
logic circuit can be used to apply the outputs of two 
or more logic circults to the input of another logic 
to produce logi tion, subtraction and 
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CHARACTERISTICS. 

May use positive or negative logic, or combined 
logic. 


Has not less than four inputs for one output, amd 
may have six or eight inputs with only cne output, if 
desired, 

The actuai input levels may be different, however, 
the outputs are always at the same level, 

Output never exceed the input (no amplification is 
cbtained), 


CIRCUIT ANALYSIS 

General. Two-levei logic circuits have two basic 
Input circuits and a single cutput curcuit. The in- 
put circuits may have a number of input lines, each 
controlled by a diode, but there is only one output 
jine. Thus it is common practice to make the input 
circuits AND gates, and the output circuit an OR 
gate. Although this logic may be changed to exactly 
the opposite by applying negative logic inputs. Thus, 
the AND gates become OR gates, and the OR gate becomes 
an AND gate without changing any circuitry. This 
allows complete flexibility in combining logic operca- 
tions, and, therefore, two-level logic circuits are 
universally used throughout computers. The logic 
diagram for a combination of two positive AND gates, 
and @ positive OR gate is shown in the following 
illustration. 


O 
c cD 


ie 


Two-Level Positive AND-OR Gate 


number of inputs may be accommodated, 
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SULL 


Two-Level AND-OR Gate Schematic 


{tis evident from the schematic that AND gate number 
MAGI) is identical to AG2. Two different inputs 

are applied to each AND gate. The output of the AND 
gates are applied through CR3 and CR6, and are summed 
across R2, A table of combinations shows that the 
following truth table is applicable, where O is ground or 
zero level, and lisa+5S 


Truth Table 


Thus with no input applied, diodes CR1, CR2 and CR4, 
CRS conduct since they are forward biased, and the volt- 
age across Rl and R3 is dropped to zero. OR diodes 
CR3 and CR6 are also conducting (anode is more 
positive than cathode) so that this output is also 

zero. When either A or B, or C or Dis madeal 

(by applying plus 5 volts) the associated diode is 
reverse- biased and stops conducting. However, cir- 
cuit operation remains unaffected since the other 

diode of the pair still conducts and holds the gate 
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in the zero state. However, whenever both inputs 
are applied simultaneously to either AND gate, both 
diodes are reverse biased, conduction ceases, and 
the voltage at the bottom end of Ri or R3 is the 
same as the supply, if the reverse bias is equal to 
ot gecter than the supply. If the reverse bias is 
only a portion of the supply voltage, (as is the 
case) conduction above that level holds the output 
at the value of the reverse bias. Thus with a 10 
volt supply and a S- volt reverse bias, the output is 
+5 volts. This output of the AND gate when applied 
to the OR gate passes through either CR3 ot CR6 and 
appears as the output sum (AB + CD). When +5 volts 
appears at the output the inactive OR diode is 
teverse- biased by that same amount, so that the 
other AND output has no effect. That is the 
exclusive OR function is represented, where either 
one or the other (AGI or AG2) appears but not both. 
In this respect, the truth table appears erroeous. 
However, it is just the manner in which it is 
arranged. Thus this circuit is sometimes called a 
one- quarter adder, since it only represents the 

sum of two digits. When another AND gate is added 
to indicate the carry where both OR gate inputs 

ore present simultaneously, the circuit then is 
known as a half-cdder (discussed separately later 
in this section of the Handbook). 


FAILURE ANALYSIS. 

General. Since the two-level gate is composed 
of AND and OR circuits, the failure analysis for 
each of these circuits can be applied individually 
(see separate discussion of AND and OR circuits in 
this section of the Handbook) after it has been 
determined which is at fault. To determine which 
is at fault, proceed generally as follows. 

No Output. Use a vacuum tube voltmeter or an 
oscilloscope as an indicator and apply a simulated 
"1!" signal to input A, B, C, and D separately; no 
cutput should be observed at the OR input. However, 
if both A and B, or C and D inputs cre activated 
and no output appears at the OR gate, the AND gate 
portion of the circuit is defective. Check the diodes 
for a short circuit or resistor Rl or R3 with a ohm- 
meter. If no outputs occurs from the OR gate portion, 
with an input appearing on the anode of CR3 or CR6, 
either the diode or R2 is open. Make a check of 
forward diode resistance and check the resistor with 
cn ohmmeter. 

Wrong Output. Usually with a wrong output, it 
will be found that the diode associated with that 
Circuit is either inoperative or shorted. A forward 
and reverse resistance check of the diodes with an 
ahmmeter will usually locate this form of failure. 

Confinvous output. Usually in the case of a con- 
tinuous output you will find that the diode associ- 
ated with that output is shorted. The key to deter- 
mining which is at fault is to study the circuit 
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operation. If the circuit requires that tne diode 

conduct to produce the desired output, then the 

diode is shorted. If the diode must cease oon 4tuc- 

to en the diode is oper. Because of the few 

parts involved in a simple basic circuit a resist- 

ance analysis is usually easy to make, requiring 


eter, 


HALF-ADDER CIRCUITS. 


APPLICATION. 


ised to form the of two incident 


y y Ste 
a tull-adder (two half- adder 
a gq hetworks used in computers con- 
sist of 2 number of half-adders, and associated cir- 


CHARACTERISTICS. 

May use either positive or negative logic, or com- 
d logic. 
Usually has four input lines with two output lines. 
Consists of three AND gates and one OR gate. 
Gain is less than | (no amplification is provided.) 


bir 


CIRCUIT ANALYSIS. 
General. Since the half- adder performs binary (arith- 

metic) addition it is necessary that its output be 

tical to the results of the bi 


is ry addition table 


ns follows: 


5? 


A typ. 
diagram. 


Circuit Operation. 
the aecampanyine le: 


CHANGE } 
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Half-Adder Lagic Diagrom 


Examining the diagram we see that three two-liode AND 
gotes AGI, AG2, and AG3 are used, together with o 
single two- diode OR gate OG 1. The logic equation at 
the output shows that the sum output (S) is high (H), 
and active whenever the two inputs A and B are unlike, 
and is inactive low (L) whenever the two inputs are 
alike. The output equation S= AB + AB is read as “A 
or B, but not both’; this is the exclusive OR function. The 
carry output is active and high (H) whenever the two 
inputs A and B are equal to binary 1’s, and is inactive 
low (L) for all other conditions. The table of combi- 
nations below shows the proper output for any particu- 
jor input combination. 


iNPUTS OUTPUTS 


TABLE OF COMBINATIONS FOR HALF- ADDER 


When the table of combinations is converted into a 
truth table by substituting the 0's and 1’s, as shown 
. it is evident that it corresponds to the binary 
addition table previously shown above, and that the 
tis perfomiing the desired function. 


INPUTS OUTPUTS 
A 8 SUM CARRY 
°o 0 ° ) 
Bia yes ° 
Lene oe a o 
ant 0 i 


HALF-ADDER TRUTH TABLE 
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Circuit details are as shown in the accompanying matrix 
schematic (the half-adder may also be considered as a 
rectangular or square matrice). 


OUTPUT 
Os+(AB+A5)(H) 


OC*ABIH) 


Holf Adder Matrix Diagram 


Examination of the matrix diagram reveals that AND gate 
number | consists of diodes CR1 and CR2 with current 
limiting resistor Rl; AND gate number 2 consists of 
diodes CR3 and CR4, with current limiting resistor R2, 
and the carry gate is AND gate number 3 with diodes 
CR7 and CR8, and current limiting resistor R3. The OR 
gate consists of aiodes CR5 and CR6, with current 
limiting resistor R4. Zero volts represents logic 0 
(L), and +V volts represents logic 1 (H). 

Assume that inputs A and B are logic 1's, thus their 
input line is at a high level (H). Therefore, asso- 
ciated diodes, CR3, CR7 on line A, and CR2, CR8 on 
line B are reverse- biased and will stop conduction. 
Thus output C of AND gate number 3 (the carry gate) 
will rise to +V volts and also be at a high level, 
which is the output expressed by the formula C=AB. 
With inputs A and 8 high, their complement inputs A and 8 
(NOT A and NOT 8) are low, causing diodes CR1 and CR4 
te conduct. Therefore, OR gate diodes CR5 and CR6 will 
not conduct, since the potential at the anode end of 31 and 
R2 will be zero, and with the diode cathodes connected to 
ground through R4 no potential exists across these diodes. 
Thus there is no output from the S output line, and itis a 
logic 0. 

In a similar manner, it is evident that for the sum output 
(S) to be high (H), inputs AB or AB but net beth inust be a 
logic 1 (H). For these conditions, either diode CR7 or 
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diode CR8 is held inoperative by reverse bias from the 
logic 1 input, while the other diode conducts because of the 
lack of an input (both diodes must be reverse biased to 
produce an output). Therefore, carry output, C, remains 
inactive and low or a logic 0. By following the table of 
combinations {or truth table) for each input condition, and 
by using the matric diagram to determine which diodes ore 
activated and which cre not, you can verify operation of 
the circuit against each unique output listed in the table. 
Normally, when inputs A and B are alike, the sum output 
is always 0 (L), and when unlikeit is always 1 {H). The 
carry output, C, is always 0 (low) except when both A ond 
B inputs are high (1), in which case it is also high (H), and 
a logic 1. 


FAILURE ANALYSIS, 

General. Large computers are usually designed with 
built-in test circuits, signals, and alarms which indicate 
when a section or module is operating incorrectly. The 
offending board or chassis may then be replaced quickly to 
keep the computer operating. In large computer repair 
shops, test jigs are provided into which the module may be 
plugged and the necessary inputs applied to locate the 
defective circuit. Once the circuit is located the individual 
parts are easily checked by resistance or voltage measure- 
ments to find the defective part. Once the module is 
located, a systematic procedure such as indicated in the 
following paragraphs will help isolate the failure. 

No Output. Loss of output can be caused by loss of 
input signals, loss of bias supply, or open diodes. When 
no output is obtained from any of the gates with the proper 
input supplied, it is most probable that the bias supply is 
defective. No output from a single gote usually involves 
the diodes and current limiting resistor for that gate only. 
Refer to the discussion of failure analysis for the AND 
gate (or the OR gate, as applicable) and which were pre- 
viously explained in this section of the Handbook. 

Continuous Output. A continuous output regardless of 
the type of input signal applied may be caused by a shorted 
OR gate diode, or by AND gate outputs occurring at the 
wrong time. Follow the procedure discussed in the follow- 
ing paragraph for an incorrect output to locate the defective 
circuit and part, 

Incorrect Output. The sum output, S, and carry output 
C, must beactive only as indicated in the table of combi- 
nations (or the truth table), Any other output for a specified 
set of inputs indicates a change in circuit logic caused by 
a defective part. Therefore, it is usually easier to set up 
specific inputs (preferably inputs which yield incorrect 
cutputs) and check the output of each gate with ¢ voltmeter 
or an oscilloscope. For example, assume that both A and 
B inputs are made high (H), and the sum and carry outputs 
both show high (H}. Checking against the truth table re 
veals that for such an input the sum output is a logic 0, 
and the carry output is a logic 1. In this case the C output 
is correct, but the § output is not (it should be a logic 0). 
This indicates that OR gate number 1 is being activated 
when it should not be (both inputs should be low). Con- 
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necting the test equipment to the OR gate input lines 
(separately) will show which AND gate (AG] or 4G2) is 
activated. The trouble is then localized by checking the 
defective AND gate with an ohmmeter, as described in the 
failure analysis for the AND Gate circuit previously dis- 
cussed in this section of the Handbook. (The AND qate 
diodes ore most likely open, check for a high forward 


resistance with an ohmmeter,) 


TRANSISTOR LOGIC, 


ay be employed in logic 


AND and d the OR circuit perform the same operation as in 
diode logic, numerous advantages are obtained, and in 
addition, circuits not possible with diodes can be utilized, 
such as NAND, NOR, and similar net operations. The 
additional element in the transistor provides the ability 

to provide an inherent inversion similar to that normally ob- 
tained in the electron tube. Of much greater importance, 
however, are the improvement in operating speed possible 
with the transistor, plus the possibility of optaining a gain 
through the circuit. For stages that require a heavy 
current output ior operating relays and other elecuonic 
devices the transistor emitter-follower connection provides 
power output with reduced gain. Because of the high input 
and output impedances possible with the transistor, the 
shunting effect of parallel inputs or outputs is not as great 
2 problem as it is with diodes. Thus an entire new field 
of logic circuits and application is open by the use of 
transistors. In tum, other new circuiuy is developed by 
combining diode and transistor logic (DTL), or by using 
direct coupling (DCTL). Basic circuits concerning transistor 
logic will be discussed in the following paragraphs of this 
section of the Handbook. In later sections DTL, DCTL, 
HTL, ‘TR and other versions of transistor circuits using 
other forms of logic will each be discussed. 


TRANSISTOR "'OR" GATE. 


APPLICATION. 
The tronsistor OR gate is used in computers to perform 


CHARACTERISTICS. 
May use positive, negative, or c: 


Provides additional gain. 
Moy be either single transistor or multipie transistor type 
{multiple type provides a ‘transistor for each input). 


Hepresents logic additions (2 + U= 4). 


CIRCUIT ANALYSIS. 

General. There are many types of transistor OR 
gates. When the common-emitter configuration is used, 
the circuit usually becomes a NOR circuit because of the 
polarity inversion. The common-collector configuration 
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has the same polarity at input and output, but falls within 
the class of EMITTER-FOLLOWER circuits which are 
separately discussed. Thus the common-base connected 
OR circuit is the only remaining circuit which does not 
fall within another circuit classification and has the same 
polarity output as input. Consequently, the following 
discussion mainly concems the common-base circuit, 
though other representative OR circuits may be briefly 
shown for completeness. It should be realized that in logic 
operations identical logic circuits have many forms which 
vary with design. For example, where one designer may 
use a single transistor OR gate to perform logic addition, 
another designer may use three or four transistors to 

This is why the logic 


designer usually uses the block diagram type of logic 
diagram representation rather than the schematic, since 
the function performed denotes the type of circuit, while 
the parts ond actual circuit connecti 
of no consequence as long as the desired logic operation 

is performed, 

The symbolic logic representation cf a positive transistor 
OR circuit is shown in the following illustration, together 
with a table of combinations, When the values of 0 and 1 
are substituted in the table of combinations for L and H, 
respectively it is recognized as a stundurd OR truth luble. 
Thus it is clear that in logic notation and representation 
both the diode and the transistor OR circuits are 
identical (see discussion of DIODE OR-GATE in this 
section of the Handbook). 


INPUT OUTPUT INPUT OUTPUT 


AB F ae 
rok L oo 0 
LH H O41 f 
(ase) HL H 19 ; 
HOH H rd 1 
LOGIC OR-GATE 
DIAGRAM TABLE OF TRUTH TABLE 


COMBINATIONS, 


The filled-in triangle indicates high level operation 
or positive logic, With a positive signal represent- 


Circuit Operation. The schematic diagrom ot 4 typica! 
two-input, posituv i ir s show 


E c a 
RE | 
TON eo ane Z- J 
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Two-Input, Common-3ase, Positive OR Gate 


19-B-19 


ELECTRONIC CiRCUITS NAY SHIPS 
In the circuit shown, the emitter is left floating and reverse 
bias is applied to the collector. Therefore, with no signal 
applied either Rl or R2, simulating a 0, transistor Ql] rests 
in the cutoff condition. Collector current cannot flow 
(because of reverse collector bias) and the output voltage 
is the same as the collector supply voltage (—6 volts as 
shown on the waveform), When a +3-volt signal is applied 
either Rl or R2 simulating a 1, forward bias is applied to 
the emitter, and collector current flows through R3 pro- 
ducing a positive-going output. In this case it is assumed 
that the input voltage is sufficient to drop the collector 
potential ot 0, and a 6-volt positive cutput is obteined. 
When the input signal is removed, the transistor returns to 
its quiescent state, with no collector current flowing and 
the 0 level at -6 volts. There is, of course, a reverse 
current flow (ICBO) due to thermal effects inherent in 
transistor operation. However, this reverse current is so 
small (usually less than a few microamperes) that it may 
be neglected. Since there is no signal inversion in the 
common base circuit, the output signal is an amplified 
replica of the input signal (except for distortion produced 
during tum-off). This circuit will not operate as a negative 
OR gate by reversing the polarity of the input signal since 
itis already at cutoff. The circuit is only slightly affected 
when both OR signals are applied simultaneously (the case 
of the inclusive OR). In this instance, the application of 
both input signals merely increases the minority carriers 
teleased in the transistor and it takes QI longer to recover 
from the operating pulse, thus producing a slightly longer 
output pulse than when individually triggered. Input 
resistors Rl and R2 are large valued and are used to 
isolate the two inputs, since they are both connected to the 
same emitter. 

Cirevit Variations. A typical 3-tronsistor OR gate 
is shown for comparison in the accompanying illus- 
tration, 


Three-Stage OR Gate 


A study of the schematic reveals that the circuit ar- 
tangement is that of the emitter-follower, and that the three 
outputs are parallel connected using common load and bias 
resistor RE. In the O or inactive state a positive voltage 
is applied to the base of Q1, Q2, and Q3 and they rest 
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in a cutoff state. When a 1 signal, consisting of a negative 
voltage is applied to any transister, the bese is forward 
biased and emitter current flows. The emitter current flow 
through RE develops ¢ negative output signal, and the 
emitter resistor also determines maximum current flow in 
the triggered transistor. Once the input signal is removed, 
the stage again resumes its cutoff condition, An output 
trigger results when any of the inputs are energized or when 
all of the inputs are energized, simultoneously, representing 
inclusive OR function. Since a negative input produces a 
negative output, negative logic is employed. 


FAILURE ANALYSIS. 

General. Because of the few compenents involved, 
simple resistance and voltage checks using a high re- 
sistance voltohmmeter will usually reveal the source of 
trouble, If the input voltage, and the supply and collector 
voltage are normal, and the resistor values are correct, 
faulty operation can only be caused by a defective 
transistor. 

No Output. An open input or output resistor, or a 
defective transistor will cause a no-output condition. 
Check the supply and collector voltage with a high resistance 
voltmeter. If the collector voltage is the same as the 
supply voltege with no input applied, load resistor R3 is 
probably satisfactory. If no output is obtained with normal 
collector voltage and the proper input applied, input 
resistors Rl and R2 are both open or Q1 is defective. 
Replace the transistor with a known good one and check 
the resistance of Rl and R2 with an chmmeter. 

Portial Output. If on output is obtained when either 
A or B inputs are applied but not when both are applied, 
check Rl and R2. If a reduced output is obtained with 
either input activated, the supply voltage, the transistor or 
R3 are defective. Replace the transistor with a known good 
one, check the value of R3 with an chmmeter, and check 
the supply voltage with o voltmeter. If the outputs are 
normal with a '’1’' input applied but a partial output occurs 
with no input applied, either Q1 is defective or there is a 
low resistance shunt across one of the inputs. 

Continuous Output. If a continuous output occurs 
whether or not an input is applied, Q1 is defective. 
Replace it with a known good transistor. 


TRANSISTOR ‘‘AND‘' GATE 


APPLICATION. 
The transistor AND gate is used in digital computers 
to perform logic multiplication with high speed and gain. 


CHARACTERISTICS. 
May use either positive, negative, or combined logic. 
Provides higher speed and gain than the diode. 
Performs logic multiplication {1° 1 = 1). 
Single-stage gate uses common-base configuration, 
multi-stage gate uses any configuration. 
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CIRCUIT ANALYSIS. 

General. The AND gate, like the OR gate previously 
discussed in this section of the Handbook, can consist 
of a single stage with multiple inputs, or a number of 
similar stages with separate inputs. The AND logic function 
requires that an output be produced only when all the inputs 
are applied simultaneously. No output is obtained for any 
other combination of inputs. 

Circuit Operation. The logic diagram for a typical 
AND circuit using the common-base configuration is shown 
in the accompanying diagram, together with a truth table. 


input_| output 


F 
INPUTS. 
8 OUTPUT 
(A-B)*F(L) 
Transistor AND-Gate Logic Diagram Truth Table 
‘The open triangles indicate that negative logic is used, 


and the symbol for the transistor AND gate is the same as 
that for the diode AND gate. The truth table is recognized 
as a standard AND table, where an output only occurs when 
both inputs are applied simultaneously. The schematic 

for this negative AND-gate is shown in the accompanying 
figure, 


3 


INPUTS 


Negative Transistor AND-Gate Schematic, 
Common-Base Circuit 


bicwn ey 
biased by he positive voltage applied to the emitter. Thus 
with o reverse collector bics applied through M4, and a 
torward pias applied through H3, the transistor conducts 
heavily in the quiescent or inactive state, and the collector 
voltage is dropped to zero deross load resistor R4. Thus, 
there is no output and a logic zero is represented. When 
an input signal such as a negative pulse or step-voltage is 
applied to either input A or B, but not to both, the forward 
bias is reduced. This slight reduction in bias changes the 
collector current very little so that the input still remains 
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effectively at the zero output level. When the negative 
input is applied to both inputs simultaneously, twice the 
current produced by a single input flows through base 
tesistor R3 and drops the forward base-bias to below the 
cutoff point. Collector current now ceases flowing through 
R4 and since the voltage drop across Rd is now zero, 
tull reverse collector voltage appears at the collector, 
producing a negative output voltage. When the input signal 
ceases, collector current flow through R4 resumes, and 
again drops the collector voltage to zero. Thus, the output 
voltage rises and falls as both inputs rise and fall together. 
Cirevit Voriations. A typical schematic for a three- 
input AND-gate, using separate transistors for each input 
is shown in the accompanying illustration. 


Three-Stage AND Gate 


Examination of the schematic reveals that the emitter- 
follower connection is used, with the transistor outputs 
connected in parallel across a common load and bias 
(emitter) resistor. Since the emitters are connected to a 
positive bias voltage, forward bias causes each of the 
transistors to conduct. With ne input applied, emitter 
current flow through resistor RE (because of forward biased 
emitter) drops the output voltage to zero. Thus, the emit- 
ter voltage is effectively reduced to zero level. When a 
“Y"" signal of say +5 volts is applied to either Q1, Q2, or 
Q3 the transistor is reverse biased and ceases conduction, 
meanwhile, the other two uansistors continue to conduct 
and keep the output at zero level. When all three inputs 
are applied Simultaneously, current flow through them is 
ieadced and the emitter v: 


ward the bias 
When t the posi- 


again at zero bias level and stays at this point until the 
inputipulse ceases, wherclponionce again heavy torward 
conduction causes the emitter voitage to be reduced to zero, 
Thus any positive input signal level less thar the total 
emitter bias voltage, will effectively pass through the 
uansistor(s) and appear as the output voitage (the actual 
output amplitude is a fractional amount less than the full 
amplitude of the input signal because ot ohmic drop in the 
transistor, however, this drop is so low as to be considered 
negligible). 
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FAILURE ANALYSIS. 

General. Because of the few components involved, 
simple resistance and voltage checks using a high resistance 
voltohmmeter will usually reveal the source of trouble. 

If the input voltage, and the supply and emitter voltages 
are normal,and the resistor values are correct, faulty opera- 
tion can only be caused by a defective transistor. 

No Output. An open emitter or collector resistor, lack 
of emitter voltage, or a defective transistor as well as an 
open input resistor will cause a no-output condition. Check 
the supply and emitter voltage with a high resistance volt- 
meter. Check the voltage from input A and B to ground; 
it should be approximately the same as that measured for the 
emitter voltage, (emitter to ground) indicating that resistors 
Rl or R2 are not open. With no signal applied, the collector 
voltage to ground should be zero. If a negative value of 
collector voltage is indicated, either the transistor is 
defective, or insufficient forward bias is applied to the 
emitter to cause saturation. Replace the transistor with a 
known good one and check the value of R3 with an ohmmeter. 
Check collector resistor R4 for continuity and proper re- 
sistance with an chmmeter. 

Partial Output. If a reduced output is obtained with all 
inputs activated, either the bias voltage, the transistor 
or R4 are defective. Replace the transistor with a known 
good one, check the value of the bias voltage with a volt- 
meter, and measure the resistance of R4 with an ohmmeter. 

Continuous Output. If a continuous output occurs 
regardless of whether or not an input is applied, Q] is 
defective. Replace it with a known good transistor. 


TRANSISTOR ‘NOT’ CIRCUIT. 


APPLICATION. 

The transistor NOT circuit is used in computer and high 
speed switching circuits to provide signal inversion and 
high gain, 


CHARACTERISTICS. 

Either positive, negative, or combined logic may be used. 

High voltage or power gain is possible. 

Fixed-bias is usually employed. 

Output signal is inverted in phase and polarity from 
input signal, 

On a logic basis, the output is the complement of the 
input. 

Usually has one input and one output. 

Input resistance is high and the output resistance is 
telatively low. 


CIRCUIT ANALYSIS. 

General. When the common-emitter configuration is used, 
the output polarity is always inverted by inherent transistor 
action similar to the electron tube grounded cathode circuit. 
In logic operation it is sometimes desired to produce a 
signal which is identical but opposite that of the input 
signal. This is the logical NOT operation, and the circuit 
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is also known as an inverter, which produces the comple- 
ment of the input signal. Either a single stage of inversion 
is used, or the common-emitter version of a circuit is used 
to provide the desired logic operation and inversion simul- 
taneously. This discussion will be limited to the use of a 
single stage operating as an inverter or NOT circuit. Other 
circuit variations wili be discussed with the other circuits 
in which they are employed. The voltage gain obtained 
through this circuit also makes it useful as a level restorer. 

Circuit Operation. The logic representation of a typical 
NOT (inverter) circuit is shown in the accompanying 
illustration. 


A ‘ a 
INPUT OUTPUT 


INPUT | OUTPUT 


Logic Inversion Inverter Truth 
Diagram and Table 
Symbol 


The open triangle on the input side and the closed 
triangle on the output side indicate that with a negative in- 
put, an inverted or positive output is produced. The actual 
schematic of a typical inverter is shown in the following 
figure. 


Vbb Vee 
mi i 


Transistor NOT Circuit 


In the quiescent condition (the ‘’O"’ state) with a 
positive base bias applied, transistor Q] is at cutoff and 
no current flows (reverse collector current flow, Iceo, is 
considered negligible). Since no collector current flows 
through R3, there is no voltage drop to oppose the supply 
and the collector and output voltage fall to almost the value 
of the negative supply, representing a logic zero output. 
When a negative (1) input signal is applied, the base bias 
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is changed from a reverse to a forward bias and causes 
emitter current to flow. Collector current flow through R3 
drops the negative supply voltage to approximately zero so 
that a positive going output is developed. With sufficient 
forward base bias (drive) to cause saturation, the output 
tests at the zero voltage level until the input signal is ter- 
minated, When the input signai stops, the collector voltage 
does not change immediately because of the minority carriers 
inserted into the base during saturation {in the PNP tan- 
sistor these are holes). Therefore, collector current flow 
continues for the duration of the storage delay time until 
the minority carriers are drained cut, whereupon the collec- 
tor voltage becomes negative-going and falls to approxi- 
mately the same value as the supply voltage. The reiation- 
ships between input pulse and rise and fal! times (t: and 
on the output pulse and storage delay time (ts) are shown 
in the following waveforms. The output waveform is slight- 
ly exaggerated to clearly show the delayed and deformed 
pulse which is produced. Since the circuit function is 
merely that of on or off, the pulse distortion is of no con- 
sequence except for the slight delay in operating time which 
ensues. Resistors Rl and R2 function as a base bias 
divider, with R] also acting as a base current isolating re- 
sistor, so that the base cannot be shorted by connecting 
the input to ground when producing a logic zero input. 


+6V 


OUTPUT 


i 
| 
| 
\ 
| 


Input and Output Waveform Relationships 
Line, tt, 1S aiso KNOW dS tum-on time and is defined as 
ied from the stort of the square wave until 
nt of steady state amplitude. ‘The turn-o: 


ed by the finite time it tal 


he ca! 


inpui pulse to 
pulse. 

Fixed bius und luiye diiviiy pulses of 
produce a sharp turn-on time, and other forms of logic such 
as DTL end RCTL are used to decrease the turn: 


£ the outs 
2 tho cutput 


savtlieapsedl sc 
usuduy Used to 
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These circuit variations will be discussed in more detail 
with the appropriate logic and in the circuits in which they 
occur. Since the transistor design also determines the turn- 
on and turn-off characteristics, a special group of transis- 
tors of various types classified as ‘‘switching transistors‘ 
are employed to obtain greater speed and cleaner switching 
operation. 


FAILURE ANALYSIS. 

General. Because of the few parts involved, a resist- 
ance and voltage analysis, performed with a volt-ohmmeter, 
will usually locate the faulty component without any loss 
of time. 

No Output. If 


is defective, no out 


is detect yc-outout will be cbt H 


signal applied, check the base bias and collector voltage 
with a high resistance voltmeter, and measure the voltage 
from the input terminal to ground. Normal bias and callec- 
tor voltage readings will indicate all resistors have conti- 
nuity and probably are of correct value. Therefore, the fault 
must be with the transistor. Replace it with a known good 
ene, 

Low Output. A defective uansistor, improper bias, or 
low collector voltage can reduce the normal output. Check 
the bias, collector, and supply voltages with a voltmeter. 
Replace Q] if ali voltage readings are normal. 


either Rl, R2, or R3 are open, or if Ut 


no input 


TRANSISTOR NOR GATE. 


APPLICATION. 

The transistor NOR gate is used in computers and 
switching devices to supply an inverted OK (that is a com- 
plemented OR) output. 


CHARACTERISTICS. 
May use positive, negative, or combined logic. 
Usually uses fixed bias. 
Provides an inverted or complemented output. 
Accomplishes toyic addition and complementation simul- 
taneously. 
Has a high impedance and a low output impedance. 


CIRCUIT ANALYSIS. 


oom Tne NGR gate provides 9 standard OR output 


ot complemented form. ‘hus ¢ NOT OF 


aiithwette substraction py addition. Thus éoniplicated 


= aycided in the diosa! comouter, 
circuitry is avciged in the digital computer, 


Circuit Operation. 


illustration. 
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A 
F 
i (a+) INPUT _| OUTPUT 
INPUT OUTPUT 
A 
E , 
A (A+B) 


NOR Logic Diograms Truth Table 


The open triangles in the logic diagrams denotes that nega- 
tive logic is used. Thus the 1-state requires a negative in- 
put signal for activation. Since the output is inverted in the 
NOR circuit, this is indicated by the small circle (in the 
upper diagram) adjacent to the triangular output jevel indi- 
cator. This indicates that with a negative input a postive 
output is ubtained. The same condition could also be indi- 
cated by omitting the small circle and using a filled-in tri- 
angle atthe output as shown in the lower (alternate) diagram. 
In this case the input and output levels are indicated as 
being different or inverted, and since the input is indicated 
as negative in the activated state by the open trangles, the 
logic is also negative. It should be noticed that the circle 
when used to express inversion must be located at the sym- 
bol. The small circles at the input and output terminals 
represent terminal connections and have no logic signifi- 
cance. 

The schematic for a typical single stage transistor NOR 
circuit is shown in the accompanying illustration. Note 
that the PNP common-emitter configuration is used, 


PNP Transistor NOR Gate 


A positive (reverse) fixed bias is applied to the base to keep 
the transistor cut off in the inactive state. With no input ap- 
plied, and reverse bias applied to the base and to the 
collector no conduction occurs, therefore, the collector and 
output voltage is approximately the same as the collector 
supply value. Since a negative ‘’1"' or high signal is re- 
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quired to activate the circuit, the zero input represents a 
low, and the consequent negative output a high, or inverted 
low signal. Thus the first combination in the truth table is 
verified. When a negative input is applied to A, or B, or to 
both A and B, it forward biases the base and causes collee 
tor current flow. The voltage drop caused by collector cur- 
rent flow through R4 reduces the collector voltage {and the 
output to zero. Thus a high input signal produces an in- 
verted or low (positive) output signal. Resistors Rl and R2 
function as isolation resistors to prevent loading on the 
separate inputs A and B, Since the input resistors are con- 
nected in series with R3 to ground, they form a voltage 
divider which places the larger voltage across R3 and the 
base of Q1. Both R3 and either Rl or R2 also protect against 
shorting of the base bias or input circuit respectively, when 
a zero level input is applied. The high resistance of the 
input resistors requires that a relatively high voltage be 
used to cause base current to flow. Hence, operation of 
this type is known as veltage mode operation. (In DCTL 
logic the resistors and bias are omitted and only a fraction of 
a volt input is necessary to drive the base into conduction, 
and this is called the current mode of operation.) 

When both inputs are simultaneously applied, the larger 
negative input assumes control, When Q] is driven into 
collector saturation by the activating signal, excess carriers 
are inserted into the base and the turn off time is extended 
by the storage time needed to drain the transistor of these 
excess holes. Because the full operating range of the tran- 
sistor from cutoff to saturation is available, relatively high 
and power output can be obtained from this common-emitter 
arrangement, 


FAILURE ANALYSIS. 

General. Because of the few parts involved, a resist- 
ance and voltage analysis may be quickly made with a volt- 
ohmmeter. Obvious symptoms may also be used to locate 
the failure and are discussed in the following paragraphs. 

No Output. Lack of supply voltage, no input signal, 
an open collector resistor, or a defective transistor will 
cause a no-output condition. Measure the collector and bias 
voltages with a high resistance voltmeter, and measure also 
from the input terminals to ground. This will prove that 
Rl and R2 have continuity and also roughly check their ap- 
proximate value. If voltage readings are normal and the 
no-output condition persists, replace Q]. 

Reduced Output. A defective transistor, low collector 
voltage, insufficient input drive or a change in the value 
of R4 can produce a reduced output. Check the value of 
R4 with an ohmmeter, and the supply and collector voltages 
with an ohmmeter, and the supply and collector voltages 
with a high resistance voltmeter. Replace the transistor 
with a known good one. If a reduced output still exists 
check the input signal amplitude with a vacuum-tube volt- 
meter or an oscilloscope, 

Continuous Output. If a continuous output occurs with 
or without a signal input the transistor is defective, replace 
it with a known good transistor. 
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TRANSISTOR NAND GATE. 


APPLICATION. 
The transistor NAND gate is used in computers and 


switching devices to supply an inverted AND (a coniple- 
mented AND) output. 


CHARACTERISTICS. 
May use positive, negative, or combined logic. 
Usually uses fixed bias. 
Provides an inverted or complemented output. 
Accomplishes logic multiplication and complementation 
simultaneously. 
Has a high input impedance, and a low output impedance. 


CIRCUIT ANALYSIS. 

Generol. The NAND gate provides a standard AND out- 
put but in inverted or complemented form. Thus a NOT AND 
output is supplied from a single Stage. Since the wansis- 
tor common-emitter configuration produces an inverted out- 
put signal, it is only necessary to change the common- 
base AND circuit to a common-emitter arrangement to pro- 
duce a NAND circuit. Its primary use is accomplish arith- 
metic division by multiplication and addition and thus avoid 
the necessity for more complicated circuitry. This circuit 
as also sometimes referred tO GS @ coincidence Circuit oF 
an eff circuit in other publications. 

Circuit Operation. The logic diagram for a typical 
NAND circuit, with its associated truth table is shown in 
the 2 illustration. 


A F 
BB 
B 
INPUT ouTPUT ! 
A E 
rv 
8 


NAND LOGIC Diagram Truth Table 


The closed triangles in the logic diagrams indicate that posi- 
tive logic is employed. That is a positive input signal repre- 
sents an active 1. The inversion of output produced by the 
NANDP circuit is indicated by the smal! circle (in the upper 
diagram) adjacent to the triangular output level indicator. 
This shows that with a positive input a negative output is 
obtained. When the level indicators alone are used, the inver- 
sion is shown by using an open triangle ct the output (as 
shown in the lower (alternate) logic diagram) and omitting 
the circle. Since the input levels in the activated state are 
shawn as closed triangles, positive logic is indicoted, and 
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with an open triangle as the output level indicator a negative 
or inverted output is indicated. Note that when the circle is 
used to indicate inversion it must be placed at the symbol, 
and before the level indicator. The small circles at the input 
and output terminals represent terminal connections and 
have no logic significance. 

The schematic of a two-input, single-stage transistor 
NAND gate is shown in the accompanying illustration, Note 


that the common-emitter configuration is used. 


soul pa ee RI 


PNP Tronsistor NAND Gate 


A negative, fixed base bias is applied to transistor Q1 to 
provide foward bias, and make the transistor conduct heavily 
in the so-called inactive state. With no input signa! applied, 
and with forward base bias the transistor operates in the satu- 
ration region. Heavy collector current flow through F4 pro- 
duces a voltage drop which reduces the negative collector 
voltage to zero. Since reverse collector bias is applied, a 
positive output is produced {absence of theinput signal in 
this case represents ¢ zero input). Thus the first combination 
in the truth tableis verified. When a positive (one) input 
signal is applied to either input A or B, but not both, the 
voitage developed across Ril or RZ by base current flow is in- 
sufficient to stop conduction, anda zero or positive output 
still occurs. However, when the input signal is applied sim- 
ultaneously to both A andB terminals, bose current flow 
through R3 is twice that produced by single input signal, 
and, since it is in c direction which produces a polarity 
opposite to the forward base it cancels the bias, reducing 

it to zero. With no forward bias applied to the base and a re- 
verse bias applied to the collector, transistor Ql ceases con- 
duction. With no coliector current flow through R4, no volt- 
age drop is produced, and the collector voltayes falls to ap- 
proximately thenegative supply value. Thus a negative out- 
put is produced indicating a zero. Input resistor Rl and R2 
act as isolatingresistors for the separate AND inputs, and 
together with base resistor R3, preventing shorting of either 
the base or the bias when zero (grounded) input is applied. 
Since Ui normaliy operaies it the saturation région, excess 
carriers are inserted into the base, and the turnoff time is 
extended by the storage time needed to drain the transistor 

of these excess holes, Because the full operating range of 
the transistor from saturation to cutoff is available, relatively 
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high gain and power output can be obtained from this common- 
emitter arrangement. 


FAILURE ANALYSIS. 

General, Because of the few parts involved, a resist- 
ance and voltage anglysis may be quickly made with a volt- 
ohmmeter. Obvious symptoms may also be used to locate 
the failure and are discussed in the following paragraphs. 

No Output. To produce no output the transistor must 
continuously conduct. Such conduction may be stopped by 
Joss of base bias or by the opening of R3, which has the 
same effect, or by lack of supply voltage or collector volt- 
age by the opening of R4. Checking the bias and base to 
ground voltage, and that of the supply and the collector to 
ground voltage with a high resistance voltmeter will clear 
R3 or Ré from suspicion, and if the trouble still exists, Q1 
is defective and should be replaced with a known good tran- 
sistor. If Ql conducts, but no output is obtained when si- 
multaneous inputs are applied terminals A and B, either re- 
sistor R] or R2 is open. An ohmmeter check of the resistors 
will locate the defective one. However, by checking the 
bias voltage from base to ground, and from A and then B 
to ground (when making voltage checks) the continuity of 
these resistors can be verffied without performing the re- 
sistance measurement. 

Reduced Output. A defective transistor, low collector 
voltage, insufficient input drive, or a change in the value of 
R4 can produce a reduced output. Check the value of R4 
with an ohmmeter, and the supply and collector voltages 
with a voltmeter. Replace the transistor with a known good 
one if R4 and the voltage checks are normal. If a reduced 
output still exists, check the input signal amplitude with a 
vocuum-tube voltmeter or an oscilloscope. 

Continuous Output. If a continuous positive-or-negative 
output is obtained regardless of whether or not inputs are 
applied, the transistor is defective. Replace it with a 
known good transistor. 


TRANSISTOR FLIP-FLOP CIRCUIT. 


APPLICATION. 

The transistor flip-flop is used in electronic computers 
to supply an output and its complement simultaneously, as 
‘an off-on trigger, and for storage purposes. It fcrms the 
basic circuit used in most registers. 


CHARACTERISTICS. 
May use positive, negative, or combined logic. 
Usually employs self-bias. 
Provides two outputs (one is the inverse of the other). 
Requires a tum-off or reset trigger to change state. 
Has two stable states, sometimes called off and on 
(or 0 and 1). 


CIRCUIT ANALYSIS. 


General. The basic transistor flip-flop is sometimes 
considered as two transistor inverters placed back-to-back. 
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However, by far the simplest arrangement, the d-c flip-flop 
uses g@ minimum of parts and corresponds closely to the 
mechanical form of “relay flip-flop’ described in part C of 
this section of the Handbook. Actually, the flip-flop is con- 
sidered to be a multivibrator, and the various types of tran- 
sistor multivibrators are fully discussed in Section 8 of this 
Handbook (including the binary M.V.). The flip-flop circuit 
is included here for the sake of completeness of the logic 
section since most computers certain many flip-flops. Con- 
sequently, logic considerations will be stressed, and the 
overall operation may not be as detailed as might be found 
in Section 8 circuit discussions. However, sufficient detail 
will be given to satisfy the logic student. The symbolic 
logic diagram and truth table are shown below. 


Flip-Flop Logic Diagram Truth Table 


Like the other logic symbols, the flip-flop logic symbol is func- 
tional and is the same regardless of internal circuit. Thus any 
number of types of multivibrator may be indicated by the 
same logic symbol. Input and output level indicators are 

not shown since, in most instances, they may be determined 
from the levels shown on the outputs of driving or following 
circuits. The designation of clear (reset) ot (C) and set 

(S) inputs are not required to be shown. However, the C 
input is always placed on the left of the diagram with the 

Q output terminal, and the § input is placed on the right 

of the diagram with the ] output in accordance with Amer- 
ican and Military Standard usage {other arrangements may 

be found in other texts). The truth table shows inputs A 

and B with outputs X and Y. In most instances, these are 
the same terminals, and the table merely indicates that 

when one transistor is in the zero state the other transis- 

tor of the flip-flop is in the 1 state, and vice versa. 

Circuit Operation. The schematic of a simple d-c tran- 
sistor flip-flop is shown in the accompanying illustration, 
Outputs are taken from points X and Y, andinputs are rep- 
tesented by A and B switches which temporarily ground 
these points when the input is considered to be applied. 
The manner in which the trigger is applied is of no im- 
mediate concern since it may be a number of ways, such as 
by diodes, ‘ransistors, relays, switches, or otherwise (in 
some instances these triggers may form a patt of the circuit 
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and are included in the discussion, see the Diode-Transis- 


a? 


tor Flip-Flop). 


Basic Transistor (PNP) Flip-Flop 


Assume for ease of discussion that initidly transistor 

Q2 is conducting, and Q] is cut off. With Q2 opera 

ting in the saturation region, heavy collector current 
flows ond the collector voltage is dropped to almost zero by 
current flow through R,, and the Y output is zero. Since the 
collector of Q2 is also connected to the base of Q], the base 
of Q] is also held at zero bias or practically at cut off, and 
no collector current flows through QL. With no collector cur- 
rent flow through R, the collector voltage on Q) is almost 
the full value of the negative bias supply. Since Q2 is 
directly connected to the collector of Ql, this negative coi- 
lector voltage places a large forward bias on the base of 

Q2 and holds it in heavy conduction. As long as the heavy 
collector current flows through Q2, transistor Q]1 remains 

in the inactive state, Thus, the Y output is held at zero, 
tepresenting a logic 0, while the X output is a large nega- 
tive voltage, representing a ]. If switch A is now tempo- 
tarily closed (simulating a set input), the forward bias is 
removed from the base of Q2, because the collector of Q] 

is shunted to ground by contact A, therefore, collector cur- 
tent ceases flowing through Q2. As the collector current 
through Q2 ceases, the collector voltage of Q2 rises toward 
the negative bias source value, and places a forward bias 

on the base of transistor Ql. Consequently, Q1 conducts 
heavily, and the voltage drop actoss collector resistor Ry 
places the base of Q2 at zero and prevents the flow of col- 
tector current in Q2. Now, Q2 remains in the nonconducting 
candition, while Q1 continues to conduct heavily. Mean- 
while, the Y output is a large negative voltage, representing 
a]. When switch B is temporarily closed (simulating a 
clear input}, the base of Q] is grounded, and causes it to 
stop conducting. The rising coNector voltage on Qi places 
@ negative (forward) bias on the base of Q2 and causes it 

to conduct heavily, and gain resume the origina! state as- 
sumed at the boginning of the discussion. This action uguin 
produces an O puto at Y, while the X output is a 1. Thus 
when Qe conducts, the X cutput is a Land the Y output 

is an G, and when Qi conducts, tne Y output is a i and the X 
output is an O. The alternate X and Y outputs of 0 and 1 con- 
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tinue as the flip-flop is triggered off and on by closing switch 
contacts A and B. Although selay triggering is assumed in 
this discussion, modern circuits use switching diodes or 
transistors, which operate at much greater speeds than te- 
lays to produce high speed operation. It is also possible 
to provide self-triggering action and have the flip-flop oper- 
ate at a specific repitition rte, in which case it is a true 
ate at a specific reptition rate, in which case it is a true 
multivibrator (see Section 8, part B of this Handbook for 
the complete discussion of semiconductor multivibrator 
circuits). 


FAILURE ANALYSIS. 


be zero, or the capita will be apparently cepa onda op 
posite, but cannot be triggered into the other state. Simil- 
atily, if both Rl and R2 are open no outputs will be ob- 
tained; but if only one resistor is open, the flip-flop will 
Test in one stable condition and be impossible to trigger 
into the other condition. Check the collector voltage to 
ground with a voltmeter, and manipulate switches A and B 
manually, observing if the collector voltage changes; if it 
does, the other transistor and associated collector resistor 
are probably at fault. If in doubt, measure the resistance 
of Ri and R2 with cn ohmmeter. If Ri and R2 resistance 
is norma) the transistor (s) are at fault. To determine which 
transistor is defective, connect the base of the conducting 
transistor temporarily to ground. if the collector voltage 
becomes more negative indicating that conduction has 
ceased, the transistor can be presumed to be satisfactory, 
Check the other transistor similarly, if defective it will not 
stop conducting and the collector voltage will remain near 
zero. If switches A ond B are relay contacts, it is possible 
that poor or ditty contacts will prevent the flip-flop from 
changing state. Such condition can be determined by tem- 
porarily connecting the collector to ground (shunt the doubt- 
ful contact) and observe if operation is then normal. If in 
doubt, replace both transistors with good ones, 


EMITTER-FOLLOWER CIRCUITS. 


APPLICATION. 

The transistor emitter-follower circuit is usually used 
in computers and switching circuits to provide a high out- 
Put current te drive other transistor circuits. This circuit 
is also used for impedence matching, driving coaxial lines, 


and fer iscls: dc sicae 
ane ter iscsct: Culpul stages. 


CHARACTERISTICS. 

May use either positive, negative, or combined logic. 

Moy use either fixed cr self bias, depending on the 
circuit arrangement. 

Because of the iow output impedance, a high current 
gain is obtained, but the voltage gain is always less than 
1 {output smaiier than input). 
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CIRCUIT ANALYSIS. 

General, The emitter-follower or common-collector 
transistor configuration is usually (but not always) 
operated in the active region. Bias is normally such thet 
the stage operates as a class A amplifier, as opposed to 
operating in the entirely saturated or cutoff region. Thus 
the emitter-follower will usually respond to either a positive 
or a negative input signal. Since the output is in-phase 
with the input a negative input will produce a negative out- 
put, and a positive input will produce a positive output. 
Operation is similar to the cathode-follower type of electron 
tube circuit. In the electron tube cathode-follower, there is 
a large difference in voltage between the grid input level 
ond the cathode output level. However, in the emitter- 
follower, there is only a slight difference in d-c input and 
output levels (usually less than 0.5 volt}. Therefore, the 
emitter-follower makes a very useful de current-amplifier, 
capable of Jorge current amplification without shifting the 
level between the two stages to any noticeable extent. 

Circuit Operation. There is no special symbolic 
representation for an emitter-follower circuit. The logic 
diagram uses functional symbols only, regardless of circuit 
configuration. Thus an OR gate (or and AND gate) may be 
formed of either common-base, common-emitter, or emitter 
follower (common-collector) arrangements, and they would 
be drawn identically in the logic diagram, although the 
schematic representation would be different. Operation of 
the common-collector circuit is described for a sinusoidal 
input in section 3, paragraph 3.5 of this Handbook. Opera- 
tion of the emitter-follower in response to pulse input is 
discussed in the following paragraphs, and then typical OR 
and AND circuits are analyzed. 

In the accompanying figure, three emitter-follower 
types of operation are illustrated. Part A shows « negative 
bias applied to the collector and no bias applied to the 
base, the emitter is retumed to grouhd through load 
resistor RL, 
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With a reverse collector bigs and no forward base bias 

the transistor rests in an essentially cutoff condition with 
no collector current flow. With no input there is no output. 
A positive input signal would only bias the base further in 
a reverse direction and no output would occur. However, 
with a negative input signal the base is quickly driven 
into conduction by the forward bias, and both emitter and 
collector currents flow. Electron flow is from the emitter 
through RL and back to the collector, and a negative output 
voltage is developed across load resistor RL. Thus the 
output voltage fellows the input voltage. When the input 
signal is terminated the transistor stops conducting and 
the output pulse is completed as shown by the waveforms in 
the illustration. In Part B of the figure the opposite 
condition is shown, the collector is connected to ground and 
the base is again left open, but the emitter is forward- 
biased by a positive voltage to ground. With no base bias, 
and forward emitter bias, heavy emitter current flows and 
produces a voltage drop across RL which opposes the 
forward bias and drops the output to approximately zero. 
Application of a negative input signal cannot increase 

the emitter current any appreciable amount so the output 
remains at zero. However, when a positive input pulse is 
applied, the base is biased more positive than the emitter 
(reverse bias), and collector and emitter current flow 
ceases. As a result, the output voltage rises to the value 
of the positive emitter bias, since no voltage drop is 
produced across RL to reduce the output. In part € of the 
figure, both forward emitter bias and negative (reverse) 
collector bias are applied, and the transistor is biased at 
the center of its active region (Class A operation). With 
no signal applied, the quiescent value of collector current 
represents zero level. When a negative input is applied, 
the forward bias is increased, a larger collector current 
flows, and a negative voltage drop appears across RL and 
at the output. Ina similar manner, when a positive input 
signal is applied, collector current flow is reduced by the 
increasing reverse bias, and the emitter voltage rises 
towards the bias value, producing @ positive output. 

Thus the emitter output follows the input signal, and 
operates entirely in the active region (this is the same 
operation as occuts in regular amplifier operation). 

A typical emitter-follower OR-Gate is shown 
schematically in the accompanying illustration. The 
inputs are separate and the outputs are connected in parallel. 
In the quiescent condition, with no signal applied, both 
QI and Q2 are nonconducting since collector current is 
prevented from flowing by reverse base bias applied 
through R2 and Ré4 from a fixed bias source. When the A 
input is activated by a negative one signal, Q] is forward 
biased and emitter current flow through R5 develops a 
negative going output voltage across RS. The output volt- 
age is slightly less than the input voltage by the base- 
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Emitter-Follower OR Gate 


emitter voltage. Capacitor Cl helps speed up action by 
applying the leading und Uailing edges of the pu 
trigger instantly to the base, bypassing Rl so that only 
the low frequency components representing the flat-top 
portion of the pulse are attenuated by Rl. In addition, 
Rl and R2 form a dual voltage divider. When input A is at 
ground potential representing a zero inout, the base is 
isolated from the input by Rl preventing it from being shunted 
to ground, and maintaining the desired high input im- 
pedance. When Q] is conducting the base-collector 
tesistance is low, but is prevented from shunting the bias 
source by R2. Thus the bias remains unaffected by any 
input signa! shunting effect. As a result of base current 
flow through Rl u neydtive input voltage is developed, and 
the bias and signal voltages add algebraically, to produce a 
forward (negative) bias. When the input signal is removed, 
the fixed positive bias again resumes control, biasing 
the base in a reverse direction and stopping conduction. 

When an input signal is applied to input B, identi- 
cal operation occurs. Capacitor C2 now passes the leading 
(and later the trailing) edges to Q2, while resistors 
R3 and Ré form a similar input voltage divider and bias 
divider os explained for Hl und 2 previously. When @ 
conducts, the output voltage is developed ac 
joad resistor 5. A negative input produ 
output. When the input signal is removed the transistor 
again returns tw its soma: cutoit condition and 
ceases. When an output is developed by exther Qi or UZ, 
this negative voltage is applied as a reverse emitter bias 
to the non-conducting transistor sc that it Is prevented 
from being tiggered. Shouia an input be applied to both A 
and B simultaneously, the signal with the larger negative 
amplitude wil! prevail and cause only that circuit to 
operate. 
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By reversing the input polarity and bias an emitter- 


follower AND gate is obtained, as shown in the accom- 
panying schematic, 


FB 
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Emitter-Follower AND Gate 


By comparing the emitter follower OR-Gate schematic 
shown previously with the omitter-follower AND-gate 
shown above, it is seen that the circuits are identical, 
By changing the base bias to a forward bias, Q1 and Q2 
conduct in the absence of an input signal, and emitter 
current flow through RS develops a negative voltage drop 
which holds the output to a steady negative level and 
produces a zero. When a signal is applied to either A or B 
but not to both inputs simultaneously, the input to which 
no signal is applied continues conduction and holds the out+ 
put at zero. However, when an input is simultaneously 
applied tu buth A and B, both transistors are cut off ond Ql 
and Q2 stop conduction. The output rises in a positive 
direction to zero and produces an equivalent positive {one} 
output. When the input pulse ceases, both transistors resume 
conduction, and the output falls to the normal steady 
negative output level representing a zero. 

Although the e1 -follower output voltage is alway 
smaller in amplitude by the amount of base-emitter bias, 
u current and power gain are achieved. Current amplifi- 
cation is obtained by using a small amount of base 
current (usually in the microampere range) to control the 
ge emitter current flow (usuclly in the millampere range). 
Average current gains on the order of 25, or more, are 
obtained. Since the power output is the voltage times 
the cun n why « power gain is obtained 
even though voltage amplification is not produced. 
T connections 
also can provide a power gain, the emitter-follower grrange- 


Although the cor 


19-B-29 


ELECTRONIC CIRCUITS NAYSHIPS 0967-000-0120 


transistor stages without dropping to a very low level, or 
for operating relays, or lamps, which require high current at 
low voltage. 


FAILURE ANALYSIS. 

The emitter-follower AND, NAND, NOR, and OR gates 
are almost identical with respect to failure analysis with 
the previously discussed circuits of the same name, if it 
is remembered that the output signal is developed across 
the emitter load resistor (instead of the collector resistor), 
and that the collector is usually grounded without any series 
(load) resistor. Thus loss of output can be due to an 
open emitter resistor, a defective transistor, no emitter or 
collector voltage, or due to lack of an input signal. A 
voltage check of the base, emitter, and collector potentials 
will reveal if the source is normal, and whether or not any 
series resistance is open (or shorted). In case of any 
doubt, a simple resistance check will determine if the 
tesistance is normal. Any continuous output which is 
not changed by an input signal indicates a defective 
transistor. 
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LAMP DRIVERS AND RELAY PULLERS. 
APPLICATION. 


Lamp drivers and relay puller circuits ore used in com- 
puters and switching circuits to supply the power and volt- 
age necessary to drive indicator lamps and operate relays 
indirectly by trig 


a tiansisior. 


CHARACTERISTICS. 

Provides targe voltage or power output, as needed. 

Is controlled by a small voltage or current. 

May be self-biased or fixed biased. 

Usually provides a high input impedance and a moderate 
oF low ouipui inmpedunce. 


CIRCUIT ANALYSIS. 


General. There are a numbet of circuits used to control 


the indicator lumps and ielays used in computers and 


switching circuits. [t is rather difficult to specify a basic 


Circuit since there are so many variations. Therefore, a 
circuit capable of controlling high voitage and low current 
devices, and another one capable of controlling low-voltage, 
high-current devices ate selected as typical circuits for 
discussion. The single transistor type of circuit usually 
tequires that the trigger hold the stage in the '’oft'’ or the 
“on'! state, whereas the two transistor circuit requires 
only an ‘'off-on'' trigger be applied to change its state. 
Since the advent of thyratron semiconductor devices, using 
pnpn four layer diodes or similar controlled rectifier de- 
vices, it is possible to have a single stage trigger itself 
in a “holding” condition until the shut-off trigger arrives. 
While it is also possible to use diodes for control elements, 
the transistor finds universal use since it may easily be 
‘‘tumed on’! or tumed off’! without elaborate circuitry. 
Circuit Operation. The schematic for o typical high- 
voltage circuit capable of operating neon indicator lamps 
is shown in the accompanying schematic. The source of 


collector voltage is also used to supply the neon indicators. 


Each of the lamps is controlled by a separate transistor, 
and resistors Rl through RS are collector voltage dropping 
tesistors. Resistor R6 is a current limiter, and is also 
used to drop the lamp voltage during operation to avoid 
overload on the transistors. Normally, when no input is 
applied, the transistors rest in @ cut-off state. No collector 
ar emitter current flows (except that due to reverse current 
flow) and the neon indicator lampsre: out because they 
are only connected tc one side of the line. The “cut-off”? 
condition is obiained by leaving the 
ing, and applying reverse collector bias. Because there is 
no forward-bius, and the collector is reverse-bicsed 
emitter current may flow. In the active state, a negative 


input signal is applied which produces a forward bias on 
the base of the activated tramsistor. Assume for the sake 
of discussion that Qi 1s activated and that emitter curreni 
flows. Current flow through resistors R6 and RS keep the 
collector voltage within transistor ratings, while heavy 
conduction to ground through Q] offers a low resistance 


CHANGE 1! 


0967-000-0120 LOGIC CIRCUITS 
neon), it is illuminated. Once iJuminated, the Tamp con- 
tinues to glow until the voltage across it drops below 15 
volts, or transistor Q1 stops conducting. When the forward 
bias is removed from the base of Ql by turning off the 
trigger pulse, conduction through Q1 ceases, lamp DS] is 
disconnected from ground, and is extinguished. 


High-Voltage Neon Lamp Driver 
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Each of the lamps may be illuminated by applying a 
negative trigger. Note that this circuit is designed for 
sequential operation of the lamps, and once conduction is 
produced in any lamp, the voltage across ali lamps will 
drop to a low value (just above 15 volts) because of the 
shunting effect of the lamp being triggered. For parallel 
operation, R6 is eliminated and a separate resistor is con- 
nected in series witheach indicator lamp, thus allowing 
the full source voltage to ionize each lamp when triggered. 
A typical schematic of a relay puller or lamp driver 
circuit for low-voltage, high-current applications is shown 
in the accompanying illustration. Two transistors and a 
diode are employed in a bi-stable arrangement where the 
relay or lahp is turned on by a negative trigger ond then 
held in that position until tumed off by a positive trigger. 


Relay Puller-Lamp Driver Circuit 


Transistor Ql is used to control Q2. Resistors R! and R2 
are emitter bias resistors, while R4 and RS are base bias 
resistors for Ql. Bias values are such that in the ‘‘off’’ 
condition Ql is held at cutoff, so no current flows through 
collector resistor R3. Thus the base of Q2 is held posi- 
tive, which produces a reverse bias for the PNP transistor 
and prevents emitter current from flowing and actuating the 
telay or lamp. When a negative trigger is applied, the base 
of Q2 is driven negative and this forward bias causes 
emitter current flow through Q2 thereby operating relay K1 
or illuminating indicator lamp DS1, whichever is used. In 
the quiescent condition, complementary NPN transistor Q1 
is held in the nonconducting state because the base bias 
voltage produced across voltage divider R4 and R5 is 
smaller than the emitter bias produced by divider Rl and 
R2, thus the base is effectively reverse biased and Q] 
does not conduct. Since relay K1, or lamp DS 1, are con- 
nected in series with the base voltage divider consisting 
of R4 and RS, whenever Q2 conducts the voltage across 
this load raises the bias on Q] base by a like amount and 
thus supplies a forward bias. With the forward bias con- 
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trolling QI, it now conducts and produces a collector cur- 
rent flow through R3. Electron flow is in the direction 
which produces a negativedrop across R3, which holds the 
base of Q2 in a forward biased condition, and keeps col- 
lector current flowing when the input trigger ceases, 
Operation is initieted by a negative trigger, causing Ql to 
conduct, and, in tum, Q] holds Q2 in the conducting state; 
this action continues until a positive trigger is applied to 
the input to turn it ‘off’. 

When a positive ‘off!’ trigger is applied to the base 
of transistor Q2, it momentarily produces a reverse bias, 
and causes Q2 to stop conduction. Immediately, the volt- 
age developed across the relay or lamp by Q2 collector 
current flow drops to zero, and the base of transistor Q1 
drops to a lower voltage (that produced across R5) than 
the emitter, to produce an effective negative or reverse 
base bias for the NPN unit. Thus conduction through Ql 
is stopped, and both transistors rest in the cutoff state. 
Diode CRI ensures that current may only flow in the proper 
direction and prevents initiation of o reverse current flow 
during switching operations. Diode CR2 operates as a 
discharge diode across the windings of relay K1, so that 
any transients caused by the inductive kick in the coil 
when it is tumed off cannot harm the transistor. Capacitor 
Cl bypasses RS so that any load change is reflected im- 
mediately as a bias change on the base of Q1, and produces 
quicker turn-on ond turn-off operation. 


FAILURE ANALYSIS. 

High Voltage Circuit. Lack of supply voltage, too low 
a supply voltage, or a defective transistor or lamp will 
make the circuit inoperative. Check the supply voltage 
with a high resistance voltmeter, and the voltage from R6 
to ground. The voltage at R6 should be 65 volts or more to 
ionize the lomps, and once they are ionized it may drop to 
about 15 volts. Measure the collector to ground voltage 
also with unit inoperative. An indication of almost the full 
supply value indicates the associated resistor (R1 through 
R5) is probably satisfactory. If no voltage exists from the 
collector to ground, the resistor is open and should be 
replaced. After the voltage measurements are made, if a 
lamp stil] will not illuminate when the appropriate trigger 
is applied, the transistor is defective and should be re- 
placed {replace lamp if trouble persists). 

Low Voltage Circuit. Failure of the transistors, diode 
CRI, and lack of supply voltage or improper bias can pre- 
vent the circuit from operating. With the circuit in the 
“'off!’ condition the emitter voltage of Q] should be larger 
than the base voltage and the collector of Q1 and base of 
Q2 should be almost the full supply voltage value, With 
normal voltages and the proper trigger applied, lack of 
circuit operation indicates that Q2 ond possibly Q1 ore 
are defective. Replace them with known good ones. If the 
circuit still does not operate and the load is a relay, check 
diode CR2 with an ohmmeter for a short. If shorted the 
coil of the relay will be shunted out of the circuit and the 
selay cannot operate. If the circuit operates but does not 
hold until the next trigger resets it, check capacitor Cl for 
a short circuit. Use an chmmeter or a capacitor checker. 
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PART C. MECHANICAL CIRCUITS 


SWITCH LOGIC. 

Switch logic presents basically two states of action; 
that is, o switch is either off or it is on. Thus the con- 
nected circuit is either inactive or it is activated, and it 


Gan gemesenteither the logic state’oh'0 oF 1. 


switch 1S off, the circuit is not energized (no voltage OF 
current is present), and it represents the inactive state of 
0. When the switch is turned on, the circuit is energized 
(voltage or current is present), andit represents the active 
state of 1. The opposite condition may also be assumed, 
if desired, 

Actually, switching logic has been used for years prior 
10 theadvent of computers and iogic circuits. For example, 
when lights at different locations are operated by one-way, 
two-way, or three-way switches, a form of elementary switch 
control logic is represented, Likewise, elevators have 
been controlled tor years by instructions from switches 
located on different floors. Not only is the elevator started 
and stopped, it is directed to go up or down and to proceed 
to different floors. When called upon to operate in two dif- 
ferent directions, it selects a sequence of operation and 
carries it out, in turn, as each command is sequentially 


Basically, ‘there are three forms of switching used in 
logic circuits; the manually operated switch, the mech- 
anically operated switch, and the electromagnetically 
operated switch. Manually operated switches included 
knife switches, toggle switches, push-button switches, key 
switches, rotary switches, and many other variations. 
Mechanically operated switches are similar to manually 
operated switches, but are operated by mechanisms such 
as cams, linkages, hydraulic or pneumatic cylinders, and 
other means. These are generally used in analog computers 
where the state of some physical quantity is indicated when 
the quantity is at ¢ maximum or a minimum, or as it reaches 
a series of predetermined values. The electromagnetically 
operated switch is simply a mechanical switch operated by 
the passage of electric current through a magnet coil. ‘This 
type of switch commonly known as a relay, finds widespread 
use today, if an additional set of contacts is added, it can 
also be used te contro! another relay; thus erous com- 
binations of open and closed circuits can be contrived and 
automatically controlied to produce logic operations. Re- 


lays and switches used 


basic electrical relay in construction and size because 
they need nat carry heavy currents or break high voltages: 
they are heres mead at very low currents and voltages. 


the armature of the relay is held 


and closed by the 


or chaistack 


alosed o 
closed 


of contacts containing various combinations. While the 
selection of the type of coil and relay is basically an 
engineeting problem, the logical designer must be familiar 
with ue Yl pes of contacts and coils available for efficient 


ere are about five standard types of contact ar- 
aes ere ve 


wailable {types A 
vaiiame types A, 


, break and make, make before break, and break 
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before make continuity-transfer, respectively). “Similarly, 
there are about five different combinations of coils, such 
as the singlecoil, the two or more independent winding 
type, the two or more cooperative type (two or more wind- 
ings must be energized simultaneously for operation}, other 
combinations with holding windings, and differential types 
which can “alternat 
energize the relay. Since this article is devoted to switch 
logic rather than component design, it is suggested that 
the interested reader obtain further data on relays and con- 
tacts by consulting manufacturers’ catalogs containing de- 
sign and operating specifications. Further mention of con- 
tacts and coils will be made only when pertinent to the 
logic design or circuit operation. 

Let us now consider simpie switch logic. First, it must 
be understood that in applying switch logic all operations 
ore treated first in elementary form, that is, as simple make 
and break contacts. Later, after the logic is firmed up, the 
contacts are counted and various relay contact stack ar~ 
tangements are considered in order to determine the mini- 
mum number and types of contacts and relays. This sum- 
mation is known as simpliflection, which will be discussed 
later in the section. 

Examine the simple series switching circuit formed by 
two relay contacts connected in series, as shown in the 
following figure. For simplicity, actuating coils are not 


ately energize or simulten ously de- 
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Series Switching Circuit 


shown. “Part A of the figure shows an elementary normally 
open circuit; when the coil of each contact is actuated, 

the relay switch is closed. Thus, in order for current to 
flow in the load circuit, coils A and Bmust both be actuat- 
ed, thereby, closing contacts A and B and completing the 
circuit. If contact A is closed and contact B is open, no 
flows. The same co mn follows with B closed 
and A open (the closed condition is indicated by priming 
the contact, e.g., BY instead of B). With both contacts open 
@ similar onal Bon exists, so that one, andonly one, con- 
dition will produce current flow inte the load, ly when 
both contacts are closed, Let us tabulate these conditior 
using 0 to represent open contacts and | to represent closed 
contacts. Sugt a table, commonly called a truth table or 
atoble of is shown below, This truth table 


B 
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AND Truth Table 
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is easily identified as the typical AND logic operation 
(multiplication). In part B of the figure, contact A is 
normally closed when the relay is deenergized, and, since 
it is closed it is represented in logic notation by priming 
the letter, thus making it A’ (indicating “not’’ open) in- 
stead of A. Forgetting for the present whether the coils 
are energized or not, consider only the contacts. For each 
opening and closing combination the AND truth table still 
applies. A similor condition exists for part C of the figure, 
except that B’ is the primed contact (normally closed). 
Thus, we may say in general that a series arrangement of 
telay contacts produces the AND logical function. The 
circuit of part A is simpler to comprehend and follow in 
logic design, since the circuit operates only to produce 
current when both relay coils are energized; in parts B and 
C only one relay need be energized at a time to produce the 
desired condition. 

Consider now a parallel arrangement of contacts, as 
shown in the following figure. It isevident from an ex- 


CAtB+AB 


Parallel Switching Circuit 


amination of the figure that current flows in the load 
circuit when either contact A or contact B is closed, or 
when both contacts A and B are closed. Note that current 
will flow when A is closed, regardless of whether B is 
closed, and vice versa. This action is indicated hy logic 
notation as follows: C = B (A+ A‘) + A (B+ B’) which can 
be reduced to: C = AB+ A'B + AB+ AB’. As interpreted 
logically, this expression says that the load will draw cur- 
rent if A and Bare closed, or if B is closed and A is not 
closed, or if A and B are closed, or if A is closed and B 
is not closed. Since AB + AB = AB, the expression for 

C may be simplified to: C = A‘B+ AB’ + AB. A truth 
table for the preceding function follows: This table is 


IN 
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Inclusive OR Truth Table 


recognized as a typical OR table. Since it includes opera- 
tion when A and B are both closed, it also represents the 
inclusive OR logic state. In general, then, we may say 
that perallel switching contacts represent the logic OR 
state (addition). The exclusive OR logic state is indicated 
when either A or B activate the circuit, but the circuit re 
mains inactive when both A and B are operated. Such a 
condition is shown schematically in the following figure. 
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Exclusive OR Circuit 


A truth table for the circuit above is shown below. It 
is recognized as the classic exclusive OR truth table, 
proving our contention that the schematic is that of the 
exclusive OR circuit by perfect induction. 
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Exclusive OR Truth Table 
In addition to the schematic form of relay circuit draw- 


ings shown above, a kind of short-hand notation (diagram) 
is sometimes used, as shown in the following figure. In 


RELAY Bi! 


RELAY A | 


OUT 


Relay Logic Notation Diagram 


this form of notation the horizontal lines represent normally 
closed (or primed) contacts, while the diagonal lines re- 
present the normally open (or unprimed) contacts. The con- 
tacts shown in o particular column are all operated by the 
same relay. The figure illustrates relay logic notation as 
applied to the circuit of the series-parallel switch con- 
tacts representing the exclusive OR circuit shown by the 
preceding schematic. The abbreviations N.C. (normally 
closed) and N.O. (normally open), shown in parentheses in 
the diagram, are not normally included. 

While this discussion of switching logic has presented 
the basic AND and OR switching circuits, the discussion 
is limited to logic concepts alone. The circuit action of 
specific logic circuits is discussed in the latter part of this 
section. 
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OR CIRCUITS. 
APPLICATION. 


The OR circuit is used in mechanical ¢: 
switching circuits to perform logic addition. 


ARACTERISTICS. 
May use positive, negative, or combined logic. 
Consists of a series of switching contacts connected in 
parallel. 

Performs logic addition. 

Switch may be electrically or mechanically operaies, 
usually consists of a group of relays. 


No amplification is produced, 


CIRCUIT ANALYSIS. 


General. In switch logic, a basic OR circuit consists 


of a group of parallel connected single pole, single throw 
switches connecting the power source to the output lo: ae 
as shown in the accompanying schematic. 
ok Re 
+ 8 F 
INPUT OUTPUT 
¢ Ry 


Basic OR Switching Circuit 


As con be seen from a study of the schematic, in the in- 
active condition all switches are open, and since the load 
and output are not connected to the power source there is 
no output, representing a logic 0. Converseiy, when any of 
the switches are turned on, either separately or in combina- 
tion, the power is connected to the load and the output 
voltage is the same as the input voltage, representing o 
logic 1. The logic diagram for this circuit is shown sym- 
bolically in the following illustration, with a truth table. 


INPUTS 


OUTPUTS 
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OR Logic Biagrom Truth Table 


0967-000-0120 LOGIC CIRCUITS 
From the symbolic logic diagram it 1s evident that there is 
no difference between the mechanical and electronic cir- 
cuit, the symbol is functional. Since it is necessary to 
operate each switch by hand in the example given, and 
switches are not affected by polarity, the level indicators 
are omitted from the logic diagram. Because little ad- 
vantage is obtained by requiring manual manipulation of the 
switches, the mechanical computer uses relays. Applying 
the proper potential to the relay coil pulls in the relay arma- 
ture and closes the circuit. Thus by using another relay to 
control a series of switching operations, performed by 
gtoups of relays arranged in the proper switching sequence, 
electro-mechanical computers which operate at high rates 
ot speed are formed. PR ot ee is limited by tbe 
are expensive and require more powel uid space than 

Jes, these types of computers find limited 


tronsistors of dhs 
use. 

Ciecuit Operation. The schematic ot a typical rejay-type 
of OR switching circuit is shown in the following 
illustration. 


Three-input OR Relay Circuit 


The inputs are applied to the coils of relays KI, K2, and 
K3. When energized, these relays close and complete the 
circuit fron: the power source through common load resistor 
QL to ground. When no input sianal is applied either A, B, 
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igh Roe’ ievel source 
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dito input terminal 

cioses and the current flowing through Ri to 
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ihe zevu 5 teed, Te e zero level for the 
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cuts 3 or C are activated the same sequence of operation 
occurs, except that reluys K2 or K3 are energized instead 
of Kl, In either case a negative output 1s developed. If 
taneously, an output will 
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aiso be generated. This represents the case of the inclu- 
sive OR where the output is A+ B+ C+AB+AC+BCH 
ABC. This type of OR circuit allows several independent 
signals of different origins to perform the same switching 
function without any interaction between the signal sources. 
The relay in the OR circuit thus acts as a buffer or isolat- 
ing element. To perform logic addition, this circuit must 
be used together with other OR or AND circuits arranged to 
produce the desired logic function. Should inversion or the 
NOR type of operation be desired, it is only necessary to 
control these relays with another relay, which when activated 
temporarily shorts the second relay coil causing it to de- 
activate. In this special case, the input signal does not 
produce an output signal, 

To accomplish the exclusive OR operation it is neces- 
sary to prevent operation of the ather two relays when one 
of the relays is already activated. This is accomplished 
by adding a back contact on each relay which is normally 
closed. The logic symbol and truth diagram for this circuit 
is shown in the following illustration. 


INPUTS 
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Exclusive-OR Logic Diagram Truth Table 


In this instance, the logic symbol changes sliqhtly to in- 
dicate that this is the exelusive-OR function and not the 
inclusive OR function. The circuitry, however, may be 
solid state, electron tube, or mechanical without change of 
symbol as long as the same function is achieved. The 
schematic of the mechanical exclusive-OR circuit is shown 
in the following illustration. 
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Exclusive-OR Relay Circvit 
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A simplified schematic of this circuit showing only the 
relay contacts is illustrated below to simplify the discus- 
sion. Note that for oy circuit to produce on output, the 
other two relays must be resting in the normally closed 
position, as indicated by the primed symbols. Thus, when 
input A is activated, relay K] closes and produces an 
output only if contacts B’ and C’ are closed. 


Faap'c's+ BA'C'+ 
cae! 
FA+B4C 


Simplified Contact Arrangement 


Likewise, when B is activated relay K2 closes and produces 
an output only if contacts A’ and C’are closed. When C is 
activated, relay K3 closes and produces an output only if 
contacts B’and A’are closed. Since activating the relay 
opens the normally closed contact, whenever two relays 

are activated the circuit to the power supply, load, and out- 
put will be opened and an output cannot be produced. Thus, 
a negative pulse is generated only when one of the inputs 
is activated at a time, and never when more than one is 
activated simultaneously. Thus, the exclusive OR function 
is accomplished as shown in the truth table. 


FAILURE ANALYSIS. 

Since a relay must be activated to produce an output, if 
there is no output, either the supply voltage is open, the 
relay coil is defective or open, or the relay contacts are 
defective or in need of cleaning. The relay can be ob- 
served and checked visually for operation by applying an 
external voltage to the coil. If the armature operates, then 
the fault must lie in the circuit controlling the relay, or in 
the relay contacts. The contacts can be checked by operat- 
ing the relay manually, with a pencil, stick, or piece of 
insulating material (for voltages of 30 or more) and noting 
if there is an output when the armature is operated. If not, 
check the power source with a voltmeter to be certain suf- 
ficient voltage is present, and then follow through the 
circuit, looking for any normally closed contacts which may 
be open. Checking through the contacts can be quickly 
performed by using a voltmeter to measure the voltage from 
contact to ground. 

In relay operation, knowledge of how the circuit operates 
is important for quick trouble shooting, since key relays 
may be manipulated manually to determine which portions 
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of the circuit are operating or are at fault. In this fashion, 
the failure can be quickly isolated to a particular group of 
relays of contacts. 


AND CIRCUITS. 


APPLICATION. 

The “ND circuit is used in mechanical co 
and switching circuits to perform logic multipli- 
cation. It is sometimes called a coincidence cit- 


cuit in other publications. 


May use HORTEve; negative, or combined logic. 

Consists of a group of switching contacts con- 
nected in series. 

Switch may be mechunivally or € 
ated, usually consists of a group of relays. 

No amplification is provided. 

Performs logic multiplication. 


CIRCUIT ANALYSIS. 

General. In switch logic, a basic AND circuit 
consists of a group of single pole, single throw 
switches connected in series, as shown in the ac- 
companying schematic. 


ee hag Bae FaaBe 


Basic AND Switching Circuit 


As can be seen from the schematic, in the inactive 
condition ail switches are open, and since the load 
and output are not connected to the power source 
there is not output, representing o logic 8. Con- 
versely, when ali the switches are turned on, the 
load is connected to the power source, and an out- 
put is developed across Joad resistor ae “ ie 
current Howing throu’ 
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AND Logic Disgrom Truth Table 
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From the symbolic logic diagram, it is evident that 
there is no difference between the mechanical and 
electronic circuit, the symbol is functional. Since 
it is necessary to operate each switch by hand in 
the example shown, and switches are not affected b by 
polarity, the level indicators are omitted from the 
logic diagram. Because advantage is obtained by 
requiring manual manipulation of the switches, the 
mechanical computer uses relays. Applying the proper 
potential to the relay coil pulls in the relay arma- 
ture and closes the circuit. By using one relay to 
control a series of switching operations performed 
by groups of relays arranged in the proper switching 
sequence, electro-mechanical computers which operate 
ut high rates of speed are formed. Operating speed 
is determined by the time it takes the relays to 
open and close (from | to milliseconds on the 
average). Since relays ore expensive and require 
more power and space than transistors or diedes, 
these types of computers find limited use. 

Circuit Operation. The schematic of a typical 
telay-type of AND switching circuit is shown in the 
following illustration. 


Ki 


K2 


Three-Input AND Refay Circuit 


The inputs are applied to the coils of relays KI, K2, 

and K3. When closed, these relays connect common ioad 
resistor RL to ground. In the deenergized position, 

the load circuit and output fioat at the supply voit- 

age, and this high positive output level is considered 

to represent 9 logic O. When all three inputs are 
activated simultaneously, relays K1, K2, and K3 close 
and connect the load resistor and output te ground. 

The high positive output voltage is dropped to zero 

by the current flowing through the load resistor and the out- 
put {s effectively a large negotive-coing pulse. For the 
duration of the input signal or pulse, the output remains at 
zero and then rises to its normal high positive level when 
theinput teminctes. completing the negative output pulse. 
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Because of the series arrangement of relay contacts 

the circuit is only completed when all contacts are 

closed. Thus, as shown in the truth table previous- 

ly, all outputs cre zero, except when all the inputs 

are simultaneously activated to produce a ‘one’? 

signal. 


FAILURE ANALYSIS. 

Loss of supply voltage, an open load resistor, or 
defective relay can cause lack of output. Checking 
the voltage from the output to ground with a high 
tesistance voltmeter and no input signal wil] determine if 
source voltage exists, and if the load resistor has continu- 
ity. Now apply an input signal to each relay, K1, K2, and 
K3 in turn, and observe that they operate. If the relays 
operate and no output is obtained with all inputs simul- 
taneously activated, the relay contacts must be defective, 
Clean the contacts and adjust the spring tension for a sat- 
isfactory contact. If no voltage is obtained in the inactive 
state when measuring ffom output to ground, but the source 
voltage is normal, load resistor RL is open and should be 
replaced, 

When cleaning relay contacts use 0 burnishing too} and 
avoid use of sandpaper or files to prevent removal of excess 
contact material. If the contacts are excessively pitted re- 
place them with new contacts. Dirty contacts may be cleaned 
with approved electrical solvent. Apply a drop to a tooth- 
pick, clean the contact, allow it to dry and dress with a 
bumishing tool. 


FLIP-FLOP CIRCUITS. 


APPLICATION. 

Relay type flip-flop circuits are used in mechanical 
computets and switching circuits to supply off-on triggering 
pulses and provide a signal and its complement simulta- 
neously, they are also used as storage elements. It forms 
the basic circuit used in most registers. 


CHARACTERISTICS, 

May use positive, negative, or combined logic. 

No amplification is produced. 

Consists of two operating and two control relays. 

Provides two output signals (one is the inverse of the 
other), 

Usually requires two inputs (an "off? trigger and an 
“on! trigger). 


CIRCUIT ANALYSIS. 

General. The relay type of flip-flop is the mechanical 
switching equivalent of the transistor or electron tube 
bistable multivibrator (it is sometimes known as a ‘toggle 
switch” circuit). It has two stable states, one the inactive 
or zero-state, and the other the active or one-state. Once 
triggered, one relay is held in the active position until it 
is-teleased, meanwhile the other relay rests in the inactive 
condition until o ttigget appears. Thus, this type of cir- 
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cuit provides a limited amount of storage. It will retain 
either o zero or a one indefinitely, and without attention, 
until it is triggered into the opposite state of operation. 
The logic diagram for this circuit is shown symbolically in 
the following illustration, together with o truth table, 


Truth Tobie 


Flip-Flop Logic Diagram 


It is evident there is no difference inthe logic symbol between 
electronic and mechanical flip-flops, since the symbol is 
functional. When the symbol bears the designations C and 

S on the unidentified leads it indicates a clear (reset) input 
for C and a set input for S. The clear input always returns 
the flip-flop to the zero or inactive state, while the set 

input always triggers the flip-flop into the active or one con- 
dition. It is not necessary to label these inputs, but they 
may be labelled, if desired. 

Circuit Operation. The schematic of a typical relay 
flip-flop is shown in the accompanying illustration. The 
outputs are X and Y, and the inputs are A and B which oper- 
ate contro] relays K3 and K4. The flip-flop operating relays 
are Kl and K2. 


SNE, 


Relay Flip-Flop Circuit 
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When no power is applied, both relays Kl and K2 

rest in the deenergized position and no output is 
produced. When power is applied, both relays will try to 
close since their coil is connected between the power 
source and ground. The first relay to close wiil leck out 
ng, and the circuit 


ihe other relay and provent it fr 
will rest in one of the two possible conditions. 
ior the moment that relay K? is closed, ther 
open and output Y is connected to ground via the contacts 
of K]. Current flow to ground through RL, will drop the 
voltage at terminal Y to zero and simulate a $. Meanwhile, 
aby and the coil resistance of K} form a voltage divider 
from +V to ground, and output X will be a vositive voltage 
ined by the nthe voitag 
divider, but is always Jess than the supply voltage. As lens 
as K] remains closed, the X output + 
age representing a |. When input A is active 
signal, relay K3 closes and grounds the cci 
ing it to ground ond causing Xi to open, Ss 
opens, current flow through RL, and the coil of Ko to és < 
pulls in relay K2. The output Sf terminal K is now 0, s 
it is grounded, while the Y output is the voltage developed 
across K2 coil (K2 and RL, form a voltage divider between 


4V and grout 


9 of the vasistenc 


doter: 


5090 as 


hy 


. The conditions are yactlycroverse:, 


and the Y output is a positive vcituge iess than the source 
value, while the X output is O. When a ‘clear’! pulse is 
applied to relay K4 by energizing B input terminal, relay 
K2 is shorted out and K] operates and 1 es control, 
Thus the flip-flop may be wade tu char ee . 
tely energizing control terminals A and B. (The wigger is 
only momentary it is not continuous}. As a result, the 
flip-flop produces two cutputs, one the inverse of the other 
as shown in the waveforms, and will rest :n one state until 
triggered into the opposite state. 

Citeuit arrar s may be made to produce negative 
output voltages if de: ay be 
triggered by either positive or negative voltages, since the 
relays are not polarized. The output voltage will be deter- 
mined by the values of relay coil resistance and load re- 
sistance used for a specific source voltage and will never 
exceed the source, except possibly for the switching tran- 
sients shown by the pips on the output wavetorms. with 
proper design these transients con be practicaily eliminated. 


ed, ond the contre] relays 


FAILURE ANALYSIS. 

if any relays are defective, of the ioad tesistor{(s) are 
open, either no output or an improper output wii be Gbiined, 
Operation of control relays K3 or K4 con be checked visually 
to determine if they clase when a pulse 18 appiled, Opelu- 
tion of relays KI and K2 can also be checked by using a 
pencil or piece of insulation to ne 
tire and observe if the other associated relay drot 
If mechanical operation causes proper outputs and function- 
ing to occur, either the relay coil involved is open, or the 
contacts are dirty and offer c high resistance path to ground. 
Cleon the contacts, and if the trouble persists repiace the 
load fesisiors are open, fe Guiput will be 
hy 


obtained even though the relays anerare proneriy {if oniy 
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one is open a single output will be obtained). Check the 
source voltage to ground with a voltmeter, and the coil to 
ground voltage. Knowing the proper resistance division 
between them will enable you to determine if they are oper- 
ating normally by means of a sohiage check. For example, 

if the ioad resistance is 10 times that cf the relay coil, the 
relay voltage should be 1/ilth of the source voltage (i0 + i}. 
In mechanical relay operation the simplest and quickest 
rrethod of trouble shooting is to manually cperate tne relays, 
and locate one which dses not produce the proper result, 
The trouble then exists in the citcu:t controlled by this 
relay. If none of the relnys seem to operate properly, the 

is at fault, since itis the only nart oj tne 
Seeieemrcitka! relaue us it can ne copreciated 
thet a clear understanding ot how the circuits operate Ls 
necessary to intelligently service multiple relay equipments. 


power source 


TWO-WAY AND THREE-WAY CIRCUITS. 


APPLICATION. 

Two-way and three-way circuits are used in computers 
and switching devices to apply to outputs of two or three 
other logic circuits to the input of a single logic circuit, 
gad control its output. 


CHARACTERISTICS. 
May use positive, negative, or combined logic. 
Uses combinations of OF and AND circuits. 


Has o number of i a output. 


CIRCUIT ANALYSIS. 

Generol. Two-way ond three-way circuits provide a 
means of combining logical operations so that the 
result can be handled by simple off-on switching circuits. 
Combinations of AND and OF gstes offer a convenient 
and easy methed of fanning-in a large number of inputs 
to a single output line. Besides being convenient for 
binary and digital use they are also useful for control 
functions. For example, if it is necessary for three switches 
to be placed ‘‘on’! before another switch con be cpersted, 
a simple threerthnut AND circuit will control this operation. 
Likewise, the tuming on of a transmitter from two separate 
locetions is accomplished by a simple CH gate. In digital 
the arrangement of these two-way and threswoy 
clreuits {or four-or fiveway carcuits) which fore the crith- 


matical or logic cir 


otherwise to produce the desired function(s). 
ts ‘ 
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Circuit Operation. 3 
f two AND gates and ui Cis 
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AB+CD+ABCD*F 


Two-Way Circuit Logic Diagram 


Note that the logic diagram is functional and does not 
indicate the actual circuit, so that diodes, transistors, relays 
or switches could be used as long as the proper function 
was performed, Note also, that the actual circuit diagram or 
schematic is not needed in understanding circuit logic. When 
inputs A AND B exist the first AND gate produces output 
AB, Likewise, when inputs C AND D exists the second 
AND gate produces output CD. These inputs can be at two 
different levels and supplied from separate logic circuits. 
When either input combination is applied to the OR gate a 
single output is produced, and, since it also represents 
the inclusive OR function, when both combinations 
simultaneously exist anoutput is also produced from the OR 
gote. Thus the output of this circuit is AB + CD + ABCD, 
and the two level input is expressed as a single-level 
output. 

A typical schematic diagran using relay switching to 
accomplish the logic explained above is shown in the 
accompanying illustration. 
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Two-Way Circuit Schematic 
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Relays K1 and K2 form one AND gate, while relays K3 

and K4 form the other AND gate. Both AND gate relay 
contacts are connected in series to ground, and actuate 
telays KS and K6 of the OR gate when appropriate inputs are 
applied. When either K1, K2, K3, or K4 alone are actuated, 
the circuit to ground for the OH gate relay coil is open since 
only one set of contacts is closed. However, when both K] 
and K2, or K3 and K4, or all relays are activated simul- 
taneously, the OK gate is activated. Therefore, when an 
output such as AB is obtained from the AND qate by 

closing relays K1 AND K2, relay K5 is closed and output 

F is at ground potential. Normally, with KS and K6 open, 
output F is at a high positive level since no voltage drop 
occurs across Rl, However, when K5 AND K6, or KS, or 

K6 ts closed, current flow to ground through Rl drops the 
Output to zero. When these relays are released, output F 
again assumes c high positive level, Thus the OR gate 
output effectively is a negative pulse representing a 1, and 
negative logic is employed. 

A three-way or three-level logic circuit merely provides 
an additional input level over the two-way circuit. Therefore, 
by adding another AND circuit os shown in the accompanying 
logic diagram, a three-way circuit is obtained, 


AB+CO+EF 
+ABCOEF 


Three-Way Cirevit Logic Diagram 


Examination of the new logic diagram reveals that when 
input A AND B exist, the first AND gate produces output 
AB, Similarly, when inputs C AND D are present the second 
AND gate produces output CD; and finally, when inputs E 
AND F are present, the third AND gate produces output 
EF. When any of the AND gate outputs are applied to the 
OR Gate input a single output is produced, Since, this 
circuit also includes the inclusive OH function, when all 
combinations simultaneously exist on output is also 
produced from the OR gate. Thus the output of the three 
woy circuit is AB + CD + EF + ABCDEF, and the three- 
level input is expressed as a single-level output. The 
schematic diagram for the three-way circuit is shown in 
the accompanying illustration, using relay switching to 
accomplish the logic indicated and explained above. 
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AB+CO+EF 
+ABCDEF 


K7 
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Ks 


a 


Three-Way Circuit 


Relays K1, K2, K3, and K4 operate identically with the 
previously described two-way circuit ond the new relays 
K7 and K8 have their contacts connected in series to 
ground, controlling new OR gate relay K9, Since the 
contacts of K9 are connected in parallel with those of KS 
and K6, operation of the OR gate drops output F to zero 
level when K9 is closed. Therefore, when relays K7 and 
K8 are simultaneously activated, relay K9 is closed, 
producing an effective negative output for a logic 1. 


FAILURE ANALYSIS. 

Check the output with a voltmeter, normally it should 
indicate a relatively high positive voltage to ground, if 
not, the power supply source is at fault or resistor Fl is 
open (check Rl with an ohmmeter when in doubt), Apply 
inputs to terminals A and B, C and 0, and EF, meanwhile 
observing that relays K5, K6, and K9, respectively, are 
actuated. The output should drop to zero when relay KS, K6, 
or K9 are actuated, if not, the associated reloy contacts may 
be dirty. If they are sufficiently dirty to produce a poor 
contact and high resistance, the output voltage will not be 
zero, but will be some intermediate value depending upon 
the resistance of the contacts. Each of the relays con be 
checked manually, by operating it with a pencil or in- 
sulating rod (for voltages over 30 volts} to quickly determine 
which relay or group of contacts are not functioning. By 
proceding from output to input, a fewer number of contacts 
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are checked out first, When the circuit functions under 
manual operation but not under normal operation, the relay 
coil is defective and the relay or coi! should be replaced. 


SIMPLIFICATION PRINCIPLES. 


APPLICATION. 

Simplification is used to reduce the number of logic 
or switching circuits necessary to obtain a desired 
functional result. 


CHARACTERISTICS. 
Ciicuit is reduced to simplest form. 
Unnecessary or excessive components are eliminated. 
Usually employs Boolean Algebra. 
Function is not changed, 


CIRCUIT ANALYSIS. 

General. The process of simplification is generally 
to reduce any given circuit to its simplest form with- 
out changing the logic, This {s accomplished by eliminating 
unnecessary switches or by substituting one switch for 
duplicate switching, There are two basic methods which can 
be used; the first method involves pure reasoning, while the 
second method uses the mathematical manipulations of 
Boolean Algebra to reduce the unsimplified expression to 
its simplest form. Examples of each method will be given. 
Since simplification and the intricasies of Boolean logic 
are mainly of use to the logic designer, and the equipment en- 
countered in Naval use will already be in simplified form, 
the subject is only briefly discussed in this Handbook in 
elementary form. For more information on this subject 
the interested technician should consult the text books on 
logic design available from commercial sources and public 
libraries. 

Procedures. A simple switching circuit involving AND 
and OR operations is shown in the accompanying illustra- 
tion, with its simplified equivalent. 


8 
Y x ¥ 
tot o—o% t-6 
f 
Switching Network Simplified Representation 


Gince switch NC’ sed, while switch 
B is normally open, the path from X to Y will always be 
completed when switch Ais closed. Thus beth B and B’ 
switches may be removed and a closed wire connection made 
between switch A and output Y, leaving switch A as the 
only one inthe circuit. When represented in Boolean 
notation, multiplication of A AND B or A AND B’is 
indicated because of the series ANDing of the switches, 

and the summing of these quantities is also indicated 


because of the i connection ing) of switcnes. 
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Thus the original expression is (A ‘B) + (A °B’). If we 
factor A from both terms we can rewrite the expression as 
A‘(B +B’). However, the quantity (B + B’} is equal to 

1 by the first law of complementation in the Boolean 
postulates. Therefore, we write expression as A(1) which 
is equal to A, proving the simplified version and reasoning 
are correct. 

Let us now toke a more complex switching arrange- 
ment where it is desired that point X be connected to . 
point Y through independent elements A, B, C, D, E, AND 
F, as shown in the accompanying illustration. 


Complex Switching Cirevit 


We may now reason as follows. Since switch A’ is normally 
closed and ony path between X and Y must have switch A 
closed, swith A’ will always be open and may be eliminated 
to produce the simpler circuit shown below. 


First Simplification 


Note that the circuit now consists of a series group 

of switches forming an AND circuit, and feeding a group 
of series and porallel switches. Further simplification is 
desirable. Since B and C switches must be closed for the 
AND gate to operate, duplicate switches B and C may be 
eliminated and wired across, producing the second simpli- 
fied circuit shown below. 
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Second Simplification 


Finally, we may reason that switch F provides an inde- 
pendent path, which if F is open has an alternative path 
offered through D’ or E AND F’. Therefore, D’ and E may 
be directly wired to Y and F’ disposed of. Thus the final 
circuit version is obtained as shown below, consisting of 
an AND gate feeding an OR gate. 


Final Simplification 


< 


By elementary reasoning the 13 switch circuit is reduced 
to 6 switches and retains the original desired function. 
This is proven with Boolean algebra as follows, The over- 
all expression for the unsimplified network is: 

A(A’+ BC) [(D’+ E) °C °F*%+ DAF +BF]=F, 
and F= 1 
Combine the terms in the following manner: 

(AA*+ ABC) [D’CF’+ ECF’+ DAF + BF] =F 
since AA’ in the first expression is equal to 0, therefore 


(ABC) [D’CF’+ ECF’+ DAF + BF] =F 


and we have by further combining 
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ABCD + ABCEF’+ AA‘BCDF + ABCF =F 


but AA“ in the third term is equal to 0 eliminating the 
term, and 


ABCD F + ABCEF’+ ABCF =F 
combining the last two terms gives 
ABCD F’+ ABC (F+FE)=F 
since F + F’ equals 1 we have 
ABCD’ + ABC (FP +0)=1 
eliminating the parentheses we get 
ABCD F’+ ABCF + ABCE = F 
combining the first two terms gives 
ABC (F+FD*)+ ABCE=F 
since F + F’ equals 1 we have 
ABC (F+D’) + ABCE=F 
recombining terms we get 
ABCF + ABCD’ + ABCE =F 
which can be written as 


ABC (F + D’+£)=F, which agrees with the final 
simplification 


arrived at by a simple reasoning. 
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